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PREFACE. 


I IjV profiOTiting to'^tluj Public tho First Volume of tlio ‘^Ciaoix op the Scirxrr.,s,” a 
I few words, explanatory of the geinTal design as originally atinouiKJod, and of the 
I Rpiiii ill whicli it lias been carii<3d out, may be required. 

Tn Ihe rnlroduotoiy Treatise to this Volume, an atleiupt Iuh iTeeii made to exjuflmd, 
ill brief and lufud terms, the geneial natuie, relations, and applications of all the 
, eliief depaitments of Human Knowledge, in order to givtj the Ib'adoi', not spe( ially 
j ir.'uned in Sei.'iiee, a gfiienil view'V.f th(‘ vast Odd of inquiry ^\l^ieIl tin* Creator 
has laid open lu the l;LV\ful exj^ •<i..e of tlie liiiman intellect. Tims tlic Student 
has boL'ii led, in the first instance, and it is hoped hy * '' nigged or precipitous 
ascent, to the summit of an eminence whence he may take a survey of the various i 
do])iirtjnetits of knowledge, and of the principles which ought to guide him in tlie ! 
jiursuit and application of the several Sciences. • j 

Tn the 'JVoatise on the I'hysiolngy of Animal and Vegclahle Life, Hie duties 
I or functions of the organ.s in the living hudies of plants and animals arc defined 
I and classiii(‘d ; and the results of a ccimiJctc ano’/sis of tlio^onstituents of these organs 
j are given, after they have been reduced hy the anatomist , ' , their component 
I textures, and hy the chemist to their proximate and ultimat'^»:demeiits. O'ho prin- 
f.0 cipal modifications o£^tho functions arc traced thro gh tho (lifTcreiit G- 
classes of animals, and the leading phenomena of *he development of I 


vi .PRKFACE. ♦ 0:^ 

llin gi'i-m and cmbrj'o, in hoth tlic divisions of the ox^anio world, arc described. Thc^^ 
endeavour of the Author has been to compi’osa into the compass assigiic*! to each essay 
an oiiUino of th^^it)f characteristics of life in the two great departments of 
Organic Nature, # &tm!Rrient of the redations ^Jfdanta and Animals to each olhtn*, 
and an account of their comra^iiependencc on the i/Rncral or inorganic world. 

In regard to t^xe 8trjK!tur%ignd conformation of that great division of tlic Animal 
Kingdoxn called the VcTtcdimtc,'* to wliich A'fan hifiiscli* belongs, and which includes 
th* animals that most resemble Man, it has Jbeen deemed sufficient for present 
jnirposes to restrict the Essay to the fundamental structures or framework of the body, 
with the a])pen<lages of j^like enduring material crilAid the Teeth. The* execution 
of tills part of the “ Circle’* has been confided^ thaj great philosophical anatomist 
vrho has so distinguinjied himself in working out the true principles of Osteology — 

principles wdiicli will doubftess soon lie aiiplicd to the nomenclature and descriptions 

» • * * 

of every branch of Anatomical Scienee. Avoiding the common practice of inti-usling 
the Biiecial essays to literary compilers and ahridgers, it has been paft of the design of 
the w^ork — hitlicrto N^th success — ^to engage, in the important task of t(.*aching, thosci 

masler-ppiriu who Tiavo in their^y effeetod the greatest improvements, and made the 

• 4 ^ 

most decid(}d advances, m tlwi^spcetivedcpajfineTits of science. The result has been, 
as IS especially showm in the Essay on the rrincipal Forms of the Skeleton,” an 
original exposition of the principles of Anatomical Science, and of the most important 
resiiUs that have been aitained by its latest cultivator- — such cx])ositiori being succinct 
W'ithout any important omission, and as clear aii^'l^oniprchcnsihlc as is consistent witli 
the inevitable use of technical terms \ 

New and OTiirty defined ideas must })C expressed by thi'ir ap]n’oi)riaU; sig^ls. 

The explanation <)f the sign teaches the nature of tlie idea. Without Icarnffig gfiiid 
understanding the technical terin> of a science, that .‘^ciimco cannot Jjo comprehended. 

The terms s(%n “ hard” only while the id(‘as whiejj they represjjnt are n^t under- 
stood. * Wo listen with plea'^ure and sur^irisc toutin' glib facility witli which the 
working classes* admitted in homely attire at half-price to the Zoological Gardens i 
on Mondays, talk of tho Elcpliaut, ^|o Ehinocfi'os, and the Ilipjiopolamus. These ! 
derivations froin^lkc Greek aie so harder to them than tlu' Saxon monosyllahiti 
1 ir names of the hoar^;hc seal, or the lion : and yet. the foui-s3dltthk’d and fivc- 


10 svllablcd nam ok above dted arc longer tliQi^ the average of the . Q} 

li tcchiiioal terms Waived from the same learned and i)liable luu- 

^ 
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giiagc : — for example, Alisphenoid is not really harder than rhinooeros, nor Nom’a- 
poph}^8is than hippopotamus ; and when the mind becomes fi» familiar with lht‘ 
things of wtiich these arc the verbal signs, they fall natuv ' ly and easily into the 
circulating medium for the euyeney of thought. T / the inU'Uigcnt reader of every 
class, who may bo blessed with the ^lealthy d(|^ire for the attaini..?ait of knowledge', I 
let it then he said— Be not dismayed with the array fu “haW words” 'which scorns to ( 

’ har your path in its acquisition. * Where such words arc^ invented oj adopted hy tiic I 
masters in science, be assuri'd that y 4 >ur acquisition and retention f)f tlu'ir meaning will ! 
be the liafost “first steps” in the science of your choice. • * 

• • 

Where plain and known -words of Saxon or old English root could convoy the 

• • 

mi'aning intended, the writers have sedulously striven to use lAicnj instead of terms 
of more exotic origin. But whore the signification of a thirffe, or group of things, would 
have demanded a round-about explanation, or i>eriphras^, as the alternative for 
abandoning the singhi-'s^'orded and clearly defined technical term^ they have not hesi- 
tated to use suoh terra, appoiidiug, either in tlic samoj)agc or in Glossarial Index, 
its derivation and meaning. * % 

In n'fcrence to the terms of Anatomy, a method has been adopted further to facilitate 
Ihoir reception and easy recognition hy referenct} to the ]>art itself so signified in tho 
woodcuts the same or oorresi»mdiug pai-t bearing the sumo numerals in all the euts : 
thus tho scapula, or blade bone, is^jjidicatt'd by the Ko. 51 in tho fishes’ skeleton. 

Fig. 0, and in all the succeeding skehtous iij) to tliose of the Ape and ^Tan, Fig. 10. 

T 

1 Tlu' chief ])lienomciia of animal and vegetable life, and the fouiMaiifm of Anato- 
mical .Sej^ence, in that department of B ^\hiehhas now’ reached the liighosl d('gi’e(i of 
j i)hilosf)phieal symraoti'y and jn-ccision, having been treated of in the Essays on JL’hysio- 
j logy, on the principal Forms of the Skeleton, and on the Structun' of (liei^’ecth in the 
Vertehrateft Classes* of yUiimals, ou‘ First Volume— comph'ting the first division of 
Ojgaiiic Nature, as introductory to tho study of (Jcnoral Eoology— apiuopriately tei- 
minates by a suminaiy of the lab'st acqifired knowl^gc rcsj)oc^ing the “Varieties of the 
irumau Sp()ci('s,” from the pen of tho chief Ethnologist of the age, v ^ 

-/ 

AVIjcii the amount of exact and original information, condcr:4;d in the following 
pages, is summed u]), and the rich series ^)f \^’o^)delri^^ wliicli illus- ^ QJ 
trates that information is studied, the reader will doubtless acquii't* 

-6 ® 
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™ a conviction that so murJi valuable matter, and such means of mental improvement,^ 
were never before placed within his reach at so cheap a rate, 
to 

The principles' which have jjuided the Editors in the production of the First Yoluinc 
of the CiRCLii OF THE ScTENCi>/’* wiU be rfgorousl^ adhered to, until that Ciiku.e j 
is completed. T:ho devclopmc^it of tne plan, as originotty conceived, will proceed [ 
with uninterrupted punctualitv ; and the Public may rest assured that this first blos.som, ; 
nc y offered in tno promising season of spring, may be accepted as a typo and pledge of | 
tlpj mature fruit which will follow in autumn. 1 


Axen Corner, May^ 1854. 
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i ON TUU NVTUUr., CONN JiCrnONS, AND USES OV TT*J4 OmSAT APARTMENTS OF 

* • 

I HITMAN KNC^VLEDGE. ^ * 

• • . . 

IJefore Dian bccaiuo a philoso])h(*r lie was a tliscovcn'v ; and in his (^aj)aeity for 
discoveiry, and for reasoning on its I’osults, he dillcrs -widely from all oilier beings. 

In the orgfinit; world there is no history but the history of man. I’lie doings of one 
pair, or of one colony of inferior aiiiniuls, however sagacious, are the doings of genera- 
tion ai'tor generation. Uirds^ build t^ix?lr nests in our gardc'ns and shrubberies as they ! 
built their nests in Eden ; the bc(;s in our hive.s construct theur honeycomb, as the bees 
of Samson’s time did that which he took from the lion’s carcase ; and 4:he beavers of 
Canada rear their dams, and huts, and burrows at this day as they have done ever since 
their species was created. How different istthc account of man’s pioccedings from the 
time ttf his first aiipearancjo uiion the cailh ! What variety in his modes of clothing himself— 
of building habitations — of defending himself from beasts of prey — of transporting himself 
from place to place — of subjecting to his power the animate and th(‘ inanir«ate Creation ! 

In thclSrst advances made by primitive man, his capacity for the attainment ofi know- 
ledge shines forth almost as vividlj’^ as in the discoveries made during h^ most advanced 
state of civilisation. To draw' a distinction betw^een the facultitjs of man and the faculties 
of the highest among the animal ercatibn has always been a tRsk of much difficulty ; anrl I 
yet how frivolous appear the attempts to trace a ^oximity hetweer# endowments hut 
outwai’dly similar, the moment the actual fruits of man’s faculties "are contrasted with 
the nothingness of effect produced hy any other species on tho sui'faco of the carjtli I It 
can hardly indeed bo said with truth that man’s merc^enses arc^more perfect than those 
of the Snimals w^hich stand near him in the scale of being ; Irut it is an obWous truth 
that he has a capacity to originate ideas w'hich mould l^e ot»servations of sense «on a 
higher and more perfect tyj)c. 
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TJIK I'KOMl.VIiN'Ii GItOUrs OF IITMAN KN')WLEDG£. 


Tn man’s early progress, the rinliiftcnts of almost cjvciy branch of knowledge may 
readily he traced. His intellectnal pre-cmincnco in Jh(j animal kingdom may he re- 
duced to a few prominent heads --namely, to his gr(*at capacity, in the first place, for 
appreciating thot:^tract relations of numher and quantity ; secondly, to his exact pci- 
eoption of the reBcmblonces and the diflercnces of olijects of sense ; tiiiidly, to his in- 
herent disposition^to form objects and appearances, wJiicli agree even in one quality 
or modo of presenting thcmsclvcH, into gi’oups — whj\h are afterwards to be riicogniscd 
as possessed of unity of churac'tor^ fourthly, to his complete feeling of the dis- 
tinctness of his bodily self from the rest of nature; to his instant perecpiioii of its 
slightest change of position or attitude ; and, his ^almost uiiliiiiited volmitaiy power 
over its movements, so that i^t fiecomcs an exact measure of the numerous relative pro- 
perties of surrounding hodit?s ; and, lastly, to hjj; capacity for looking inwards upon 
himself, an(f taking note of th(» special effects jiroduced on his internal nat ure by persons, 
and things, and civcumstiAiccs. W'itli tho’c several ht'ad^ the great departments of human 
knowledge!, as we shall disi'uvcr, intimately comieet themselves. 

Science. — Tlu; systems of kuo-wledgo fouiidt'd on intuitive convictions of the human 
mind, to which the najic of s('ii Jie(* is (Miniently given, arc*, in particular, the Abstract or 
Mathematical Sciences. ’I’lu^se collcot(‘dfromtlicpcrce])tions of sense, with or wilhoiitthc 
aid of instrumenls and ojF the abstract sciences^ and nu'tbodised by man’s faculty of group- 
ing individual appearanci*,* into compoimd uuili^,s, arc tlie Inductive* Science’s, under 
which falls the* chief part of ])liysie*al knejwledgc* — ^nanu'ly, several bfanches e)f Natural 
lMulosoi»liy, the whole* of the ICleelrical scieouj's, Clicmistiy, anel some parts of Phy- 
siology. ThosjC fomMcd in the #yue manner upon the organic lungeloins of nature, with 
the aid e>f co.*tain fundymciital intuitive (ymviejtions of llu* liuinan minel, cemstitute the 
Physiological scie'iicc^. ’fluM^ elire'ctly elcduccdfiemi man’s contcm))lalion of tlu* subjects 
of his consciejusiicss, aiiel the* report ed’eAhersas to the results of their rcflcctiems on w’hat 
cemscioiLsncsK has taught tbem, makeup the•l^sye,‘bological fici(*ne'e*s, ^Icia]>hysics, Ethics, 
&c. ’Phosc (kiiwn from tiu! contomidatiem of man in his social state, as bearing on the 
wclfiu'c of the community, are represented chiefly by Statistics and Peditical Econe)my. 
Those which rest e»n moral cvielencc, in its thr(?e^legivcs of peissihility, in’obabilily, aaid 
moral cejrtaintj', rather than ejn the ovide'neH* of sense, are (Government, Law, Medicine, 
Taste, Criticism, &c. Those which ai*e fonned by comparing tin* substances composing 
the exterior of our jdanot, and th<* individuals of the animal and vegetalihi kingdoms, and 
by marking llieir resemhbinces and diftereiic^^, constitute the Natural History of the three 
Kingdoms of Nature. And histly, the systems of knowledge derived from the obsen ation 
of the mpiute stnicLure of minerals, plants, and animals, and the jjrouping of certain 
frequently reguiring resen •blanc(!s into s(*paratc unities, each denoted by a single ex- 
pressicifi, constitute what have heoii tenned the* Desoripfive Sciences, 5ach os Zbotomy, or 
Anatomy commonly so called, Phytotomy or Vegetable Anatomy, and Crj'^stallogra^y. 

Such, then, is an enumeration of the great branches of human knowledge, of which 
it is our intchtion in the prosent undertaking to^creal. But, at present, let us examine 
more xiorrowly tlio rcstmiblances and differences of the c^’idfinco on which these several 
branches of knowledge depend, an5 endeavour to ascertain then- connections and the 
precise uses to which each is subservient. 

' .We will premise, h(|wcvor, that although the name qf science is currently applied to 
the more profound parts oi man's studies, the term has no definite signiffcatum. Tn par- 
ticular, it is employed indiscriminately to denote those systems of knowledge which are 
deduced from the inherent or mtuitivc convictions of the human as well as those 
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systems of kuowrledgft whicJi ai^e l)uilt upon the perceptions of souse, variously gToui)e(l into 
a v'liolft, because of the agi-ccnioift of th(j members of each group in one mode of ]>re 3 cnting 
thcTuHclves. Hut vague as is th(‘ term seieneo, it is too lirinly rooted to ]>c! njected. 

Creometry. — ^V^hen any part of Mathematics, for cxainpb*, Oeomjf^us c()m])ar(‘dwith 
some one of tlio Inductive S(‘ieiiecs, bucli as Chemistrj'^, it is discovered liow loos<']y the 
term science must be used to apjdy equally to both. For this purI)o^**, wo select for con- 
trast the properties of the allcafles, on the one haijd, and on the other the remoikable 
property of the right-angled triangle, that the wfiiaro of its hypotenuse is equivalent to 
the sum of the squares of the two sides. The alkalii'S — ^that is, the pure caustic alkali(‘s 
— arc froel^solubb^ in water and in alcohol ; each satur^t(‘s its own proportion of every 
known acid ; and were a new’ acid discovered, it would only he neccisary to ascertain 
how niu(di of it is requii*cd to saturato a given quantity of one of tlie allies, to pro- j 
nouiicc how much of each of the otluTS that same quantity would saturate ; the alki^ies, 
hesides, form soaps with oils ; thej" clumgc* vegetable blue* cof!)urs to green, and yellows 
to brown. Hy means of these properties, thcj chemist is aide to dete<;t tin* prtJSC’ncc of 
any pure alkali in his analysisi; and such is one of tluj great objoets which the science 
of Cheniistiy has in view'. Hut the point w^iich we wdsh (‘hicfly to he borne in mind 
is, that from the wdiolc history of (dumiistry no reason c#ii he elicited w'hy an alkjili 
should he soliihle in 'water rather than insoluble, or solulde ii* alcolud iath(*r than in- 
' soluble ; why it should combine w'it> oils or acids rather tliUn resist combination with 
them ; why it should change vegetald(‘ blues to green, and ye^^Jow's to browui, rathfT 
than to any other colour. In the conception of in-opcrtic'S, as Ix^louging to tlic alkalies, 

I opposed to all tliosc just oniunerated, th(?nj is nothing c<»ritradic;loiy. *111 short then.* 
i is no reason why any pecJuliar property of aif alkali, so far as #uj Imuian faculties can 
comprehend, should not, in llio aiTangcment ofnatul*e0h^^*e been ^he opposite of w'hat it 
actually is. And the same may ho said of all those law s and ])ropertics in nature w^iicb 
are discovered scdcly by observation. 

On the contrary, w'hcn the several steps an? eonsidcred by W'hirdi an equality is 
proved between the squalKs of the hy|iotenuBo in a riglit-ungled triangle, and the sum of 
tlio squares on its two sides, thenv is not discoverable, in the whole course of the 
demoustration, any single truth, the opposite of which does not involve a contradiction; 
so that, independently of any observation, the human mind is, by its -Njery nature and 
constitution, compelled to extend to them an absolute and unconditional belief. 

Thc^quaro described on the hypotenuse being cut 
by a^traight lino in such manner as divides it into 
two distinct paraJielograms, it is at once shown by the 
undoniablo proposition, that if t\^o equals have each an 
equal quwtity adSed to them, the sums arc equal ; 
and then hy the undcniahle proposition that the 
doubles of equals are equal to one auother — ^that each 
of the two divisions of the square on*the hypotenuse 
is equal to one of the aqiiares on the two sides of ^ic 
triangle. 

The proof of the theorem just referred to, may 
jreadily bo understood eveuhy one unversed in the ulq^ 
meats of geometry. With the m e a nin g of parallel lines * 
every one is familiar. Here arc three pairs of parallel ^ 

lines ; one pairmnning from side to side, and two pairs between them, forming two patiUlelo- 
— 
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grains or rectilinear figures, tlio opposite sides of which arc parallel. These two parallelo- 
grams stand upon tho*‘Bame base, and lie between tlic 
same parallels ; and when this is the case paraUelograms 
are equal — ^that is, the area of the more upright of these 
two figures is equal to the area of the more slanting 
figure. And the tmtli of this will appear at once, by 
considering how the whole figure, ♦composed of the t\fb parallelograms token together, 
is made up. If iVom this whole figuils the more upright of the two parallelograms be 
lakon, a trijinglc i-cmains* and if from the whole figure the more oblique parallelogram 
be taken, another triangle ron.ains. But theSi; t^^'O triangles are equal, 'their corre- 
sponding sides rfnd angh's bf ing equal; hence the parallelogram which remains, after 
one of thf'fto triangles Is taken away, must bC equal to the parallelogram which 
remains after the othei„ triangle is taken away. Such, then, is the proof of the 
proposition, that j^arallelogit'ii'os between the same pai^Jlels, and standing on the same 
or an equal base, are of the same area; and as every parallelogram is divisible into two 
equal triangles by it.s' diagonal, it follows tliat triangles Standing on the same base, and 
between the samt‘ parifilels, are of the same area. 

Lot us now rectum to the iigure on the preceding page, representing tlic squares on the 
throe sides of a right-angled triangle. In this :rfgurc there is a triangle standing on the same 
hasc, and between the same parallels as the square riti the left-hand side^of the triangle, and 
there is a triangle stan/ling on the same bas(', and between the same parallels as the larger 
of the two parallologvams into wj}ich the square of tlic hypotenuse is divided ; but those 
two triangl()fi are equal, owing td the equality of two sides, and the contained angle ; 
hence the square, whici is qgual to twic 6 the area of one of these o([ual triangles, is 
oqiqil to the parallelagram, whiri. is equal to twice the area of the other triangle. And 
by the same mode of reasoning, the square on the right-hand side of tlie triangle is 
proved to be equal to the lesser of the two parallelograms into which the square of the 
hypotenuse has been divided. 

But in the whole range of Geometry the projjosition holdsT good, that every stage of 
the proof is a truth, the opposite of which involves a contradiction ; and thercjfore, that 
it is itself a ne(',cs8ai7 article of hoUef. In short, it is incontrovertible that matliematical 
truths are nec( .ssary truths, Goomctriciaus use various ways of convincing us of this : 
where two figures aio necessarily equal, as a consequence of certain pai-ts in one being 
known to he equal to con-esponding parts in the other, the method of superjv^sition is 
frequently employed ; that is, we arc required to fancy one figure placed upo% the 
other, and then, mentjilly, to bring about their perfect adaptation : tire parts, previously 
known to he ftie same in both, being properly adjuste<l; other pc^s, by this method, 
are shbwn to he necessarily coincident. There is, however, nothing of a mechanical 
or experimontak character in this process : the figures are not bodily transported from 
one place to another ; the whole is a purely mental operation ; and it is the mind, not 
the eye, that secs the comflcte adapftition of the two. 

Some superficial thinkers cavil^at the peculiar character assigned to mathematical 
science, by reference to the very proposition above adduced ; saying that the fact as 
to tho equality of the squares, was discovered by observation, and the demonstration 
afterwards invented ; ^ is proved, they further say, by the tradition, tbnf. Pythagoras 
sacrificed a hecatomb in gjatitude to the gods for having inspired him with its dis'eovery. 
Thefico, it may be supposcdn they would infer that all mathematical knowledge is 
founded on observation, and not on intuitive convictions of the human mind. 
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It is evident, liowever, that many truths, susceptible of a mathematical demon- 
stration, like that respecting tifb squares on the sides of a right-angled triangle, are 
discoyerkblc by observation; and doubtless, in the early progress j)f geometry, this 
motliod was much employed to discover the course to btj adopted {)r the t'xlonsion of 
this branch of knowledge. But had geometry, or any other part of mathematics, boon 
coniined to this method of investigation, would it ever have attained the rank of being 
the handmaid of inductive science — ^the very mcans»by which observation has been made*, 
capable of deciphering the system of the imiverib ? * 

The distinction between mathematical tnith and inductivfi science, so clearly pointed 
out by the tiontrast between the properties of the alkaliPs, and the remarkable properties 
of the right-angled triangle above refen'ed to, is irrefutabfb. * • 

Magnitude. — Wo have not hitflerto referred to the great obj(!ct which Tuathcmatical 
science has in view, namely, to supply a measure by whiqji all magnitudes may bo | 
rendered commensurable. A fev words will give the steps by which this is accomplished 
in a sufficiently clear light. 

By the propositions rcadfly reducible to the truth, before* referred to, that two 
triangles arc equal, if their corresponding angles and correspontling sides be equal, any 
two rectilineal figures, however dissimila]j, may be provetf to bo equal if they really be 
equal, or unequal if they be unequal. And this may bo dcibribed as the first great 
step in Mathematical Science ; bec&usc, by means of the equivalence of triangles, all 
rectilineal figures are rendered commensurable. • 

The next step in Mathematics is to find the moasjp^ of figures bounded by curved 
lines. For cxamifio, to find the area ff a circle in 
rectilincal^easurc. • 

Tlio attempts t(#find the aroa of a circle in iiecti- 
linoal measure gave rise to the proof by the method 
of ‘‘ exhaustions/^ as it is tonuod. 

The area of a circle is a quantity intermediate 
between the area of a polygon eii’cumscribing the 
ciix'le, and that of a similar polygon inscribed within 
Uie circle. If the number of sides in each of these 
polygons bo successively increased, the area of the 
interior polygon is continually augmented, while the 
area o4 the exterior polygon is continually ^minished, — ^plainly, however, on this 
condition, tliat tliough the area of each continually approaches nearer and neai-er to 
the area of the airclc, that of the exterior polygon can never fall short 8f the area 
of the circle, nor J;hat of the viterior polygon exceed the area of the* circle. Thus, 
aa the sides of these polygons may bo increased witliout any limit, the difference 
between the area of the exterior polygon and the area of the intcriefr polygon is con- 
tinually becoming less and less, or continually approacliing, without reaching, to 
nothing; and though the rectilineal polygon cannot be made an exact measure of 
the curvilineal circle, yet it can be made to #pproach to its measure with any 
required degree of nearness. It may bo remarked here, also, that this operation 
enables the unlearned reader to imderstand what is meant when it is said that unity 
divided infinitely =s: 0. • • • 

It was another step in Mathematics when the area of citvilineal figures came to bo 
expressed exactly by the areas of rectilineal figures. What are called the “ luncs'' of 
Hippocrates, known to thft ancients, afforded one of the earliest examples of this 
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cointdtloncc. To exhibit tJiis property, a riRlit- angled triangle is inaeribod in 
a semicircle, and a semicircle d(‘scribed on its base and 1;ts perpendicular. The portions 
of the two lost sqimcirclcs which He without the original soinicirclo, are foimd to be 
equal to tho area orthc triangle. • 

The following is the kind of proof on w'hich this proposition rests. It is found that 

if semicirelcR are described on tho throe sidiw of a right- 

angled triangle, tho ar^a of that described on tho hjqjo- 

\ tcniisc*is equal to the joint areas of the semicircle on 
/y \ that on the perpendicular. But the 

/ ( j \ I • greater semicii'Mc in Iclic annexed figiire cohsists of tho 

\*\j *' V A'i^ht-angled triangle and the two andies of that senii- 

^ ~ firele cut ofFhy the sides of the triangle, and tho joint 

arcs!h> of the tw'o lesser seixicircle.s consist of the two limar spaces ent off hy the greater 
seuiicirele and tho two arclrjs of that gi'oat scniicirch^ just mentioned; honee, il“ from 
each of these tw'o c<|ual quantitit's, lln‘ common quantity in both, mimcly, tho areh(‘S of 
the groat semicirclo (;ut ofI‘ hy the sides of the triangle, %e taken away, there remains 
on tho one hand tho tnungle, and on tho other the lunar spaces of the lesser semi- 
(jirclcBS, taken together, equal Lo each other. ^ 

Tho propositions, on*w^ich the proof of this coiTcspondenco in etpiality dojiond, ore 
easily understood. * • 

Tho circuraferenee**of a eii'clc is proporiional to its diameter — a proposition which 
may easily be shown Ho bo a nt^'ossary eonsequeiuH* of tho geometrical definition of 
proportion. #H is not, however, so* obvious that the area of one cii’clo is to the area of 
an(»thcr cinde, as the s(|uur(^^of the dianft*ler of the first circle to the wpiai'Ci of the 
diameter of tho rcmjoikI (ircle. It is, however, a \ery important proposition, foi’ if a 
person supposed that tho areas of circles 

are simjdy prop«niionalo to tlioir diame- ST" X 

ters, ho might commit many serious \ f \ | 

errors. For example, if he wished u tube, V-Za Z v / / 

as a gas-tuhe, twice tho capacity of an- 

other tube, and d!\^iTOd it to he made of 

ecpial length, bftt lwi(!C tho diameter, it would turn out to have four times the capa- 
city ; for the s(]uaro of a line eight inches long consists of sixty-four square inches, 
while that of a line hnir inches long consists of only sixteen square inches. 

That the areas of circles are not to one another as their diameters, is a truth of \^irich 

the learner may easily satisfy himself without niny knowledge of 

N. Geoinctiy ; thus : let a cirele kc deserihed )yith any ^diameter, 
\ and within it let tw'o circles ho deserihed, with the diameter of 
f/ outer circle ; then if a circle, with 

[ \ ■] double the diameter of aqpthcr, were no more than double that 

K yV * yy ofuipotherm*areaorsurfaco, it is plain that the two inner cMca 


other in area or surface, it is plain that the two inner cMca 
V — y would just fill up the outer, which is at once seen to bo impos- 

sible. it is, however, worthy of remark, that the circumference 
of tho outer circle would ho exactly equal to the two circum- 
ferences of the innoi- 5rcloa, wMch is only one amdhg the many interesting and 
unexjjeeted truths tliat GeAietry presents. 

But the great progress inudE in this part of Mathematics has arisen foom the inves- 
tigation the areas produced by the higher order of curvt’s, as of the conic soctiqpo, 
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()xenix)Ufiod in the ancient discovciy that a pai-abola is oqnal 1o two-thirds of its 
circunismbin*; paraUelogram. • 

J3ut it would be superfluous to carry those illualrations furlhciv.siiKH' it already 
suffioic'ntly appears >^hat is the proper object of Malhcinatics, and ^lat tlie evidence 
onijdoyed in this Science uniformly, consists of prox)ositions, the reverse of which, 
according to the constitution of the human mind, involves a contradi(!lion. 

ITuiiiber. — Our observation.^havc been confinec^hitherto to wliat relates to magni- 
tude; but the doctrine of number is in no nespSet difierent. That imd 2 make 1, 
and that 2 tahen from 4 leave 2, arc inupiestionably intuitKe tiaiths — they must be 
believed; Ihf y are ncccssar}'' trutlis, bo«!huse the opposite i)roi)ositions involve a con- 
tradiction. But the tmtlx tliat 10 times 10 moke 100* rests on tlR' same kind ^of 
evidence. One repeated a hundred times makes 100. Observation is not»i'e(]nircd to 
prove 10 times 10 to bo 100 ; it is merely rcquii'ed to discover^ if what is called lOO.he 
100, If, in the jiriinitivo states of oui*race, one man, on giving aiiolln'r figs or dates, 
ludd Up the Angers of both hands ten time?, he u’ho reccivetl Iheiii would count them, 
not to ascertain if 1 0 times 10 fvere 1 00, but to discover if he gave the fruit had 
spoken truly as to the number. * • 

IXEathematical Evidence. — All Aritlmujtie, then, rt*ts on the same evidence — aU 
its truths are necessary ; and the same may he said of AlgehA, Lf)garithms, and the 
Diffenjntial (^aleiil^s. Algebra may be described as Arithnulie, c 0 TTi(‘d on by symbols ; 
so that the kind of operation is constantly indicated, l>ut not t\;*,tually performed till 
the relation helwocn Uie given quantiiics and the (pj|mtity sougjit, ho reduc(‘d to its 
simidest possible fonn. Logaritlims dejiend on wlftit seems a singuTlir ^property of 
numbers ; yet that propeity is as cei'tainly^dcdiieibh' frym ifteessary IrutJiB as any 
tmtb in Malhomalics. If two st'rica of numbers standprcspectively in Gcoim^tricfJ ^md 
Arithmetical ralit), it is foiiiid that the prodmtt of any two iiumhcrs in the Geometrical 
scries jiiiiy be found by adding the corresponding numbers in tin' Arithineti(;al series, 
and then taking t}}e number in the Geometrical series which stands oi)posite : and this 
is the ]>roduet sought. ^ 

XiOgaxithms. — The jTiost difficult and complicated arithmetical operations may he 
X)erformcd with ons(' and expedition by means of Logarithmic tables ; and thus multi- 
plication is reduced to addition, division to subtraction, evolution to inulliplitiatioTi, and 
the ti’onhlcsomc process of involution, or the cxti-aotion of roots, tn simple division. 
Astronomy owes much of its pre-eminence, as an exact scicnci;, to the discovery of 
LogafSthnis, as, vrithout their aid, it would have been almost imixissiblc to have made 
the calculations necessary to confirm its laws. The astronomer reduces his jflgchrai(;al 
formula) to a form adapted for^ogaritlimic computation; and his assistants, by tlie 
simplest rules of arithmetic, arc thus enabled to comijib’ th(j Kautical Alhianao, 
withi)ut which the eommcrco of our great nation would he nearly* destroyed — the 
Nautical Almanac and a table of logaritlims being as essential to the mariner as his 
chart and com]>ass. • • • 

Fioportion. — To exhibit a tithe of the uses to^which the scicnc(S of quantity and 
number can he applied, would fill a volume. SliU the only practical use of tliese important 
sciences, is the measurement of quantities before unknown. The great instrument in 
all the depariments of abstract wciencc is proirortion % thorougWy to understand which 
is to possess an instrument of knowledge applicable to almcljt every situation in life,- 
When Thales of Miletus travelled into Egypt, (iOO yc|r.s before Christ, and sulV" the 
Great Pj^’amid, he was curious .to determine its height, which hitherto it had been 
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deemed impossible to ascertain. Observing tlic shadow of the pyramid as the sun 
shone upon it, stretching •' - 

for in the oppqgite direc- 
tion, he stmek hi^taff up- 
right in the sand; and 
finding the sliadow which 
it cast to be exactly its 
own length, he rightly 
concluded that the shadow, 
measured from the middle 
of, the base of the pyra- • 
mid, must ftiual in length 
tine height t»f the pyi^i- 
mid. lie paced the sha-« 
dow, and found its length 

to be 270 paces, or^bout . 

500 English feet. Iliny, * j 



who relates this anecdote (lifi. xxxvi. 17), expressly says that Thales measured the shorter 
shadow at the time whCn it was of the samclength as the staft‘ 

But although equality in length of the slnlttow and the bo^ may be allowed 
to be necessary foi* ^e dis(iovcry of this mode of mensuration, it would quickly 
appear without onj^ necessity Jbr experiment, that whatever relation the shadow 
bore to the^sfaff, the same relfftion of magnitude would the shadow boar to the 
height of the pyramid^ threo thinfs requisite arc, the measure of the shadow 
of tjie staff, the meaisuro of nio«Bhadow of the pyramid, and the measure of the staff 
itself. But, to solve this more complo.x problem, the knowledge of proportion is 
necessary ; namely, that when of four numbers the first two bear the same analogy 
to each other as the last two to each other, the first of the four, multiplied by the 
last of tlic four, is equal to the second multip^ed by the third ; or, as it is usually 
expressed, the product of the extremes is equal to the product of the means: — or 
4 : 16 : : 20 ; HO— that is, 4 is to 16, as 20 to 80 ; but the i)roduct of the extremes, 
4 and 80, is S20; and the product of the means, or middle numbers, 16 and 20, is 
also 320, But when throe numbers arc known, and a fourth is sought in the same 
relation to the third which the second holds to the first, it is plain that the product of 
the moans can be obtained ; and that that product being also the product of the exUremes 
when botii these come to' 't>c known, and being divided by the ,first extreme, the 
second cxtreifto will bo obtained : that is, if in tl^, above formula 16 and 20 be 
multiplied together, and the product divided by 4, the fourth number, fhc second 
of the two extromes, or 80, will be obtained. 

And this rule of proportion prevails throughout the whole range of the sciences of 
magnitude and iLumbcr. In every kind of measurement proportion plays its part, with 
the exception of tnat which is of tl^^ rudest kind. In the measurement of the height 
of tlie Great Pyramid by Thales, the idea of proportion is involved, although hardly 
brought out into relief. We will cite another example of the measurement of a height 
without distinct referenic to proportion. The height ftf a tower or pillar— no matter 
how high— which stand^on a level plain, and the foot of which is accessible, can 
be measured as soon as men h^yc discovered that in a right-angled triangle, the sides of 
wHch arc equal, each of the otlier two angles is equal to half a right angle, and the 
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perpendicular equal to half the hypotenuse, the perpendicular line in a right- 
angled triangle represent a to\fcr, it is evident that its height is equal to half the 
hypotenuse, or side opposite 
to the right angle at A. Thus, 
if a person setting out from 
the foot of the tower pace 
the distance to the point at • 
which the top of the tower is ^ 

seen at an elevation of 45°, or t 

half aright angle, the number • « 

ofpaceshe has tahen indicates 
the height of the tower. 

Tvigonometxy. — Tho 
usual mode of determining 
heights is by tho rules of 
Tiigonometrj', without any , 
necessity for the angle of elevation being ofti partbiular number of degrees. 

When a tower is accessible, tlie angle RCA is measured, and tho base of the triangle 

^ B ; the angle at U is known, being a right 
angle, and the angle at A is found by sub- 
tracting tho angle at 0 from Ob'* or a right 
angle ; because since tfic tliree angles of every 
triangle ai‘t Pogethcr equal to two right angles, 
til# angles at C and \ arc togethSr equal to one 
right anglc^ ^ 

When the foot of tho tower is inaccessible, 
the angle OFE is mijasurcd, tlien the space 
FD and tho angle P^DE; the angle EFD is 
found by subtracting GFE from two right 
* angles, since every straight line falling on 
another straight line forma with it two angles, together equal to two right angles. 
But when the angles 1) and F in the triangle 
ED F arc known, the angle at PI is easily found 
by subtracting the sum of the angles D and P' 
froi# two right angles. But as a general rule 
in 'J'rigonomctry, w'hen out of the three sides 
and throe angles of a triangle, a^ three, except 
the tliree angles, %cing given, tlio remaining 
three can be determined. Hence tho length 
of the Imo A B in the tiiangle ACB, or the 
height of the tower, can be so discovCrcd ; and 
in the triangle P’ D E tho length of E P’ can he 
discovered, as preliminary to the same steps. 

Kotion. — The laws of motion, which make up so important a part of Natural 
Philosophy, stand at once on akdifferent footing froij niathemitical trutli, and from the 
principle of gravitation. It is common to enumerate three# law's of motion. The first 
is, that a body under the action of no external forc^ will remain at rest, or* move 
uniformly in a straight line. The second, that when a force acts upon a body in motion, 
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placed on W, by the first law of motion, the vttocity of its descent will continually 

increase. If we remove a; the ^At‘ight W will still descend, but 

with th(‘ velocity constant, which it had acouired at the instant 

of df's removal. jV(jw in tills case the weight a* is called the . 

moving force, or prcmirc producing nioiiott ; the two weights 

W and W', together w'itli a:, the muss moved : the velocity of W’s ,, 

motion will be a measure of th(^ceelcrating Ibvce produced by 

.T. jNow it is found, by numerous careful cxpcriipents, that this , 

aeecleraling force, multijdicd ])y the mass moved, 2AV-4^.r, * 

is always p]’0|)ortional to the prc.s'juro-i»i?odueiiJg inotioi^a;: and 

tills is the third law of motion. ^ ^ 

The laws of motion cannot he pro’^Lul by any series of expci i- c • £ * 

ments, however extensive — these ex])oriiiK‘nts only suggest the w ' | | J yY 
laws ; and perhaps our firmest eo^vietioii of their Initli arises fnhn ' J — I — r * 
the wonderful manner in w'hich, by combming th(‘se laws Villi 
the princi])l(i of gravitation. Astronomers have been able to prcdi(;l^ the motions of the 
heavenly bodies u ith such marvellous exactness, and c^'cn to po%it out with cciTninty 
the precise spot in the heavens wlicrc a planet liithcrto iiulmowu would he found, ^fo 
some minds these laws may appear objoftts of intuitive belief*, when oii(*e we have 
acquired (jon’cct ideas of matter, forre, and motion; but «n tliis point some meta- 
pbysical ditfieultiesVloarly exist. Our iiatund belief in lh(‘ laws «)f motion certainly 
ditfers from that which iirevails in regard to iijatliematieul truths ; f(»r the opjiositci 
of mathematical truths at once presents a confradiettV))^,* while the \)pposit(‘ of the laws 
of motion may not exhibit itsi-lf at Jli’st as a c^i^itradiction to evcjjy’ mind. * 

Moreover the human mind eaimot coneiivo that Onmipotence can niak(‘ 

two and two anything hut four. Nevertheless, if we contemplate** a heavenly body at 
perfect rest, on the assumption that it is for the tiiia? the only body in space, that 
heavenly body, in the language of the first In^v of motion, uill remain at rest for (wer, 
unless some cause of motion come into oj>cratioii. 

In this case who will dare to say tMit it is impossible for ( )mnipotenc(j to move that 
heavenly body without appl} mg a cause of motion ? Such an assertion would he wholly 
iiiadmissibh', unhjss, among the causes of motion, it is understood that the Fiat of the 
Almighty is included. 

The Balance. — The principloof the Ealance 
• . ^ seems at first sight self-evident ; for it is s(‘lf- 

CT— . — evident — at h'ast ii) a person of (udinoyr int( lli- 

^ T ' A gence — that if a rod of uniform jiiaterial and 

• * tUmensioii ho fixed by its middle ])oint, on a 

pivot, and two bodies equal in weight bo sus- 
pended tuic from citluT CAtremity, they will be 
I In equilibriigii. Hut io render this jjrojwsition 

intelligible, the nature of gravii^, as a properly 
of bodies at tllb cai-th’s surface, must be eleai-ly 


That being understoq^ the proposition will 
• then stand thus ; — Eqq^ causes, applied exactly 

in the same manner, •mfist produce equal eft’ijcts; 
the causes being the like number of particles tending VoMTiwards on cither side of 
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the fulcrum. And, by an easy deilionstration referable to self-evident principles, it 
can be shown that when the weights differ, there • 
is, nevertheless, an equilibrium, if the fulcrum be 
at the point in rod which divides it inversely 
in the ratio of the weights. 

This case, lipwevcr, plainly differs from the 
convictions afforded by the necessary truths of 
mathcraati(;6, siq^o tlie reasoning is mixed up with 
])rinciplcs ascertained by experionco, — ^ihe gravity 
bodies, for example. And^thc same thing#njay,. 
be said of the jdemonstralifj^Ls respecting the mc- 
dbanical powers in geruinil, — the lever, the wheel 
and axle, the imllcy, the inclined phmc, tlic wedge, 
and the screw. * 

In Hydrostatics it is *ilf-evidcnt that a solid 
and insoluble body, viimersedin a liquid, must displace quantity of the liquid equal to 
its bulk. The discovery of this fact^cost Archimedes a great cffoit; but the 
moment it occurred to his^mind, it was self-evident, and required no proof to obtain 
universal assent. Tb^t a solid floating bfldy, like a ship of the line, displaces a 
quantity of water equal to its weight, is equally true, but not, at ^st sight, quite so 
obvious. 

The refraction of Tight, to wliicjh so many phenomena can bo referred, admits of no 
explanation. •The (^id(*nco of tb' truth of this law is as yet derived solely from obser- 
vation ; anfl a wholly opposite condition aof the law could be as readily received upon 
the same evidence as its aoflftil Jprm. 

'Orawltation. — llio law of Universal Gravitation rests ultimately on observation. 
It is the greatest achievement of Inductive Science. It is expressed in the language of 
Mathematics ; but it has nothing of the character of a mathematical trutli. This Law 
declares the mutual gravitation of all bodies, with forces directly as their quantities of 
matter, and invcuscly as the squares of their distances. 

In the expression of this law bi)dics arc conceived to consist of niiTiuto particles, 
more or less glosdy aggregated or paedeed together. In Physics, all such component 
paj-ticles of matter (diflering from the laws on Chemistry) arc regarded as made up of the 
same small portions of matter ; that is to say, it is a i>urt of the law that any^wo parti- 
cles, at whatever distance from each other, exert the same mutual attraction. THhs the 
attractio]4 of one body or mass of matter for another is the sum of tli^. attractions of all 
the particles ©f the one towards the sum of all the particles in the other ; and if the 
attraction be equal on b(«t,h sides, that i.s, if the attraction exerted by the one he as great 
as the attractiop exerted by the other, it is determined in the abstract, that the number 
of particles in the one is exactly the same as the number of particles in the other. But 
these two bodies, which afe thiis conceived eSntain equal quantities of matter, may 
be cither of the %amc magnitude, may considerably differ in magnitude. A cubic 
foot (that is 1728 cubic inches of water,) contains no more matter than 128 cubic inches 
of mcronry, which is the same thing as to say there is the same number of particles of 
matter in 128 cubic ineihes of mc^ury as in 1728 cubi(fr inches of water. 

The Law of Gravitatian is expressed in its simplest form, as respects particles of this 
kind^namoly, the partities'e^ matter attract each other inversely as the squares of their 
distancoA. For example, to make the violent supposition that there is previously no 
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matter in the universe, lot two particles of matter be called into existence, jmd observed 
first at the distance of five miles, ^d then at three miles from ea(;h other. Their attrac- 
tion for each other is greater at the distance of three miles than at the distance of five 
miles ; but the greatar attraction is not represented by 5 and the le^^ by 3, but by the 
squares of those numbers, that is, by the one and the other of these numbers multiplied 
each into itself, the products of which multiplication an' 2o and 9. Ihus the attrae-tion 
between these two particles at fi'i^ miles’ distance is ‘represented by 9, and at the dis- 
tance of throe miles by 25. The law docs not Lidicate the vcdocity ‘Vith which two 
su(;h particles will apiiroach each other ; but did we know what proportion each bore 
to the wholc^nass of the earth, then it iiPight be discovered by refereiujo to the velo(;ity 
of bodies falling near its surface' — sixteen fi'ot in the first 8t?i;ond. » 

We may here remark how the lav\% of motion mix themselves up with* the law of 
grax'itation, — ^the same Bui)po8ition being eontiiiued as to the aljfiencp of all other matter 
in space. If, after these two particles had approached to yitliin three mih's of each 
other, one of them were annihilated, all attraction would of course cease ; but the other 
particle, in accordance with thc'first law of motion, would eontinub to move onwards in 
a straight line with the velocity wliich it had*acquired at the moAient of the extinction 
of the otlier. * 

Attraction. — To express the attraction exercised by the ])ai-ticles of tin'' sun over 
the particles compq|ing each of the plllnets, numbers must be nxed*upon which express, 
in some kind of dimension, the distances of each of these from the sun, and these 
numbers being squared wo shall obtain a scries denoting their relejive attractions. To 
keep down the number of figiu-cs, it is best to choose 'Some large measure* tpr oxami>le, 
the distance of the moon from tlic earth, or 210,000 milcs.^ ^ 

In the followiiig table are set down tlie squares cf the distances of the old planets 
from the sun, expressed in numbers, denoting how many times each planet is more 
j distant from the sun than the moon is fr(.)m the eai-th. 


Mercury 25,600 Jupiter 4,110,000 

Venus 78,400 Saturn .... 12,960,000 

The Earth .... 160,000 Uranus .... 67,760,000 

Mars 360,000 , 


These numbers, however, do not express the actual attraction between the sun and 
Uiosc scTjeral planets ; but only what their relative attractions would be, if each con- 
taincS the same number of particles. But where an estimate is already formed of the 
quantity of matte* in any planet, and that quantity is considered in connet?tion with 
the cstiinj,tc of thj quantity of .^natter in the siui, and the actual veldfcity in bodies 
falling near the surface of the caii;!!, then the elements arc afibrded for calctdating 
the actual force of gravity between the sun and that planet. The roots corresponding 
to the numbers in the above table denote the actual distances of the planets from the 
sun, as measured by the distance of tfio moon fhim the caftli, — ^namely, for Mercury, 
160; for Venus, 280; for the Earth, 400; for l^ars, 600; for Jiipitcr, 2,100; for 
Saturn, 3,600 ; for Uranus, 7,600 ; or nearly as 1, 2, 3, 4, 15, 28, 64. 

It is easy to see that the law of gravitotion is sufficiently stated, when made to refer 
to particles of matter, by simply saying that the parades attrflbt each other inversely 
as the squares of the distances. For it follows, as a neccsSfiry consequence, when a 
number of particles are collected into one mass, and a }fBscT munber of paiticlo«f into 
another mass, that the sum of the attractions in the one shall be to the sum of the 
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attractions in the othtn*, directly ns the nuinher of particles in the one, is to the 
nurahor of piutudi's in the other. Again, when two bodies of tbi‘ same hnlk exhibit 
exactly tht> same attraction the om* for tin; other, and under the same circuniRtanccs, 
we conclude that ilie numh(*r of particles in eacli is the sain^ ; and this is what is 
signilled when it is said that tw<i bodies liave tlu! same density. Moreover it can be 
proved that the a\lraction hetwcc'n the centivs of two sphen’eal masses of niattcr is the 
same as if the wliolf* particles of c*ach mass wore collected within their respective central 
points. • ^ 

The attraction hetwhen tw(» bodies, or masses of particles, is measured, not by 
the iiK’re velocity acquired hV each, hut by t?ie ardount of motion, or the momentum 
which each exliibits. AVhen two masses of matter, different in the number of tb(‘ir 
])ai*t.i(‘b's, at'o supijosed to come* into exist enee in* free space at some distance from each 
ot*b(*r, the (jiiHutily of motion pi’odueed in each is the same. 'ITiat which contains the 
greut(“’t. number of particlr's would move with less velocity ; that whbdi eontains the 
l(!ss number of parlicjes with greater velocity ; but the momentum, or quantity of motion, 
in I’ach will be tlu' sanu'. ^ * 

Jt is easy, then, to nndej^’stand, (*n the priiici])le of gravitation, why two bodies — for 
examjde, a pillow and a piece of lead ecpial th(‘ pillow in weight — wore there no atmo- 
Hidu're, would fall to tlR.> fji-ound from a given height in (he same time. Ilotli would have 
the same inornontuin : hut the mom(?ntnm or iinpulsc' of the picio of lead would he 
impn'Hsed on a small •portion of the surface, while that, of llio pillow would extend over 
a huge surfiiee, so t^at t'aeh poijit of that surface ’ivould be less affer3ted. 

At firsttccvnsideratiou, it may be somewbat difficult to sec clearly that tbis gi’oat 
law of gravitation cssctiitiaHj^difffTS froni*a mailiemalieal proposition, as resting not on 
int4iitiv(‘ eonvictioTft but on olftoiwed facts. But a closer view of tlie whole subject 
satisfies tlio inquirer that no law of tbis kind- could have been predicted « ; that is, 

from ail}' natural or intuitive conviction of the liuimm mind. Sucli knowledge has no 
other foundation tluin observation. "Wliat confuses the mind is the lai’go extent to v'bich 
mathematical investigation is employed for the j^soistam-e and perfection of ohservaiion. 
Here, however, mathematical investigation serves jueroly the office of an instrument, 
by wliieli, iudeed, the dominiou of the senses over nature is almost immeasurably 
increased. ' 

Physics. — The several snbjtjcts just noticed fall strictly under the head of Natural 
Philosophy or Physical Science, and indeed merely afford exainplcs of tlic kincUof know- 
ledge ^'hich belongs to that great department. Put when we consider that iJatural 
PhilosoplTy is ancillary to the great objects of Mechanical Science— rto the construction 
of Time-kee^rs, the Hydraulic Press, the Steam Engine, Artosjpn Wells^ Gunnery, 
the I^jndulum, Telescopc^s, Microscopes, the Barometer, the Tides, Railways, &c. 
—we shall he i^dc to estimate the vast importance of a knowledge of its various sub- 
divisions to men, particularly to those living in^eountries newly settled, and where the 
division of laboiy has not yet been Carried sutfieicntly for to save every man from the 
necessity of being his own onginew* and overseer. Even in the long-established social 
eommimities of modem Euiopo, we have hut to glance the eye over the career of indi- 
viduals of great activity of mind rather than of solid education, to discover how much 
time and money arc antually wafted in the vain hope *of accom^dishing what is iinat- 
tainablo. Many a man ct g;^nius in form^ times, unenlightened by the knowledge this 
Woft: is intended to convc^ has wasted his life and fortune in fhiitLess efforts to 
discover the perpetual motion. And although this is not often now the object to which 
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uamstructod iiigL'miity is directi'd, lliorc is stilf as miudi lioaltli, as nnich g'onius, as 
much industry, us much wealth •onsiimcd on things unattainable as in former ages. 

Electric Sciences. — The fact that amber, ailer being rubbed ii])on v/oollen cloth, 
linst attracts light br^dics and then repels them, and upon which tht# Scieiuio of El(‘c- 
tricity rests, derives all the cvid(!ncc of its truth from obsen-ation. 'J'be same may 
be said of all the diseovories hitherto mad(‘ in Elei-tricity. There istio pvineiide in ilie 
whole subject wliich could hav® h<'cu infem'd inf4’P’'’^*fh-i^tly observation. Jt is 
purely a science of induction; and the samearcimu'k may he inaie of (Illlvani'^m. 
Tt was as impossible to predict, d priori^ llie dcconijmsitioik of water, and the other 
.suri>riBing ejects of (lalvanism, Jjy tl*e iru've approAjaiiation of two metallic jdates 
immersed in an acid solution, as it is to estahli^jii, n priori^u.fU'r the of&ct is witnessed, 
that it is really due to the apparatus om])loyed. Of ^Magnetism, what »iore ean be 
said than tliat (iortain facts have been ascertaincHl by o])sorv'ation } And althongli i^ is 
now sufficiently apparent tliat* Eh'cirieity, Galvanism, anef jyiagnc'tism are nuTely 
didereiit forms of one more general seiemee, tliat *‘onehision has hecii d('diie(;d, not from 
an}' d priori rea'^oniiig, but siiiidy from the accnnmlation of faf^t-s, and the inference 
of ininciples from these by the coumion ])roeRss of induction. • 

Under the lieads just noticed, tog('thcv with tlu)se of*Ii(<at and light, how many 
subjects fall, of sin-passing interest and of the most direct use men in every siiiiati<m 
of life ! Some yeans ago, when tin* tminber of sloain-boat act^idents in the imiled States 
attracted public att(‘ntion, an Aiuc'rican writer sneccssfully showed that as many 
persons every yeai* lost their liv(‘a by Jightuing, within the Union, ^is by tljc bursting of 
steam-boilers. Increased knowledge and at U-ntion o«\bo ])art of cngin»^({rs luive very 
much diminished the annual morttility from «team-hoat accidents ; and surely it is not 
too much to expt'Cit that the great annual loss of ]ifi^bj^ightniT|^ may 1)(‘ matei ially 
cu’euiuscrihod by a better aecpiaintaiiee with the nature of th(‘ eh^edrie, fluid, and the 
precautions which such a kjiowledge may suggest for avoiding danger during thi' viol(‘nce 
of a thunderstorm. 

Chemistry. — But Chemistry supplies the best example' of a purely inductive science ; 
and the progi'<!ss which Chemistry has already made is sufficient to make known the final 
composition of tho bodies which man sees on every side around him. It teaches that, 
out of sixty-three simple substances, all the.se bodies arc constituted. Tt sdipws him hoM' 
to obtain each of those simple suhstiinces in a state of purity ; and, when it is required, 
it pointg out how these sim|ib substances arc to be converted into such compound 
hodicSI os arc necessary to the oils and conveniences of life. 

In Chemistry ,thcre are no original d priori rule.'^. There arc no facts or laws 
discoverable by the more light of J;hought, independently of experiment suni obser\'ation. 
All that tho exercise of genius can do in Chemistry i.s to suggest new path* to ho 
explored. Chemistry, therefore, is a science which enables us to imdgrstand both tho 
extent and the limits of the Baconian precepts. It is wdiolly inductive ; and*yet the 
principles which induction has here afforded, wliik they aro%iumcrous and most avail- 
able, are, os laws of nature, neither free from excepyon nor very comi^chensivc. 

It is by the study of the mere properties of substances that chemists have achieved 
most of their success. The early progress of Chemistry was tardy in the extreme, until 
gaseous bodies fell under rigid examination; and^om that date its progress has 
been aTmost incredible. Chemists for ages knew^ of several sitls of air ; but they seem 
never to have arrived at the idea, that by determining tl^l^evcral peculiar properties of 
these airs they might be able to distinguish them from each other. Hydrogen gas has 
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1)oen known from time immemorial *as an inflammable vapour, which played about 
the apparatus whenever sulphate of iron was directly made by the addition of dilute 
sulphuric acid to iron filings. But although its peculiar inflammable character was 
known, and eveiAits smell in this way of producing it, and also ^t it did not appear 
unless a large proportion of water was added to the acid ; yet no one thought of seeking 
the means of identifying it whm otherwise produced, until Cavendish noticed its extreme 
levity. . • 

There was no deficiency of genius «r industry among chemists during the period of 
this slow progress ; but with all their solicitude to pursue the precept of Bacon, they do 
not appear to have sufficiently ^clt the necessity of an exact knowUSdgo dKtho peculiar 
properties of encry suhstancic, and tlie means of its identification when present in 
imniih; qu^itity. The only efficient aid which chemistry has derived from exact 
knowledge is the homely aid of the balance. Until recently, chemical operations were 
too rude to admit of niucli advantage from the nice determination of the weights of the 
suhstancos employed in experiments ; otherwise, how many difficulties of former times 
might have been solved without delay ! * 

In the experiment «f burning hydrogefi gas with oxygen gas, it was remarked, at an 
early period, that the appslratus became bedewed wiiii moisture. The gases shrank 
into nothing, and moisture was found upod the apparatus. Yet it was a long time 
before the conclusion wa^ drawn, that the watev was the product jof the combustion. 
The balance would at once have settled this point, by showing that tlic water produced 
equalled the sum of the weights of the two gases exploded. 

The subicfts wlich Chemi^a^ embraces arc so many ncccsBitics of man in his 
social life. ^ A few ciamplcs of the doqiartmcnts of art founded on Chemistry wlU 
suffice to show how dosirabl^a ^owledge of Chemistry is to every man, whatever his 
occupation in life. Among those stand prominent the extraction of metals from their 
ores; the subject of artificial light, or the various modes of artificial illumination; 
the arts of dyeing and bleaching ; the substances fit for fuel ; the nature of fire- 
damp and choke-damp in mines ; the artificial production of ammonia, in reference 
to agriculture ; gunpowder ; artificial minerals f chemical tests, and the detection of 
poisons ; vcntilatiun, and disinfecting agents ; cements ; artificial minerals ; pigments ; 
motollic alloys; and otlicr subjects which it is needless here to enumerate. 

Physiology. — Next in order to Chemistry stand the Physiological Scicnoos. . The 
discoveries in this science arc to a great extent peculiiu^aws of nature, while many of 
the phenomena of living bodies arc physical, chemical, and electrical. 'V^CIl the 
muscular«fibrc shortens itself on the application of a stimulus, it ^ ^ obedience to a 
pure Physiological law. When the impression conv^cd from tho sujcl^e of the body 
by a seflex nerve is succeeded by an influence transmitted to an of^;aa of iifotion, it is 
in obedience to ^mother distinct physiological law. 

Certain laws of nature acting together with the laws of motion produce the planetary 
movements, so strikingly temarkabl^ for symmltry and harmonious union with each 
other. On tho (^er hand, certain laws of Physiology, in apparent opposition to the laws 
of physical nature, and to the ordinary laws of Chemistry, produce effects in every way 
so suxprising, as to have engaged the attention of men in all ages, upon tho very peculiar 
nature of the mfluonoe%hy whic^such effects can he stalled forth and sustahoed with 
an almost unerring unifoqnity, during the various limited periods to which thA exist- 
ences of individuals in the* t^^organic kingdoms extends. 

There is no t h i ng , in the whole character of physiological science, more at variance 
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the general economy 6f nature than the limited duration, in each individual, 
6f the phenomena which constiltute animal or vegetable existences; — and the com- 
pStefe isolation, throughout its whole existence, of each individual from other por- 
tlcHttS of the organic world, after the first separation from the pafent organis=m, is 
ahbthcr most striking ahd peculiar feature of physiological science. The iimumer- 
^f^'forms which organism assumes, in the varieties of animal and vegetable species, set 
at nought every possible idea of 'fheir source being a mere physical force of develop- 
ment, under the limitation of a few overruling* influences. And \(hat is not less 
imnAih:ahle than the characters already stated, is the manifestation, at every step, of the 
nice accOiftmhdatlon of means to poculiai*cnds, in the structure and economy of organic 
bodies, which renders it impossible to seize the more inductive lavn»»of Physiologv^ 
vrifhout a perpetual reference to final tfbuses. •• 

If it be said that the animal or plant could not have existed^ without certain orgaps 
adequate to cettain ends — andt» therefore that such contrivances arc merely indis- 
pensable conditions of existence, — the answer is, that organic nature is not a necessary 
part of the economy of the universe ; that the material world, without the organic, was 
complete in itself ; and therefore it is to he cohcluded, because tlift organic world exists 
with marks of design, such as characterise the works of man* on earth, as distinguished 
from the works of nature, that in the ori^ and maintcnanCft* of the organic world 
there is manifested q special mt(‘lligcm;o and wisdom, withotit continual reference to 
which Physiology will fail to malic the progress of which it is fiuscpptihle. 

The knowledge of Physiology opens tip a new field of human fought. In it wo 
trace the wisdom of the Creator, as in Astronomy discover manifo8t*proof8 of his 
power. Galen said with truth, — ** The study of Anatomy is the tfcc of a hymn in praise 
of the wisdom of God.” This is, indeed, the most diguificif office qf Physiology ; and 
it is in this light that it exhibits its greatest glory. But to how many subordinate 
uses is it also subservient ! Under Physiology, in its laigest sense, stand Medicine 
and Surgery. In proportion as the knowledge of even a rude Physiology has diffused 
itself, has the value of human life ii^Jroascd. Both Medicine and Surgery are hut 
handmaidens of Nature ; but how ineffectual — nay rather, how pernicious — were man’s 
natural modes of treating diseases and injuries, until the knowledge of Physiology had 
enlightened him. One great use of a knowledge of Physiology is to teach men what they 
should avoid doing when diseases have arisen, or injuries have been sustained. Ho who 
understands something of the aflimal economy, knows with what precaution he should 
omplo/less known remedies ; While he knows also, that even good remedies arc only 
good when seasonably used. And this knowledge, so far from unfitting him fbv finding 
new remedies among the naturid pijptductions of a strange place, affords hin^ an infinite 
advantage over every one who, without such knowledge, ventures to experiment apon 
a disease. Let a man understand the general scope of Physiology, and he becomes, 
under sittoesa-or injury, a safe guide in the wilds of Australia ; while he who is ignorant 
of the animal economy, if ho uses remedies at all, uses them asf much at random os in 
the days of spdla, amulets, and charms. If he h^ studied Botany,* ho knows, aS 
we idiall presently sec, from which families of tho vegetable kingdom safe drugs may 
bo taken, and from which poisonous substances may bo feared. 

Man, In every Country, acquits the most part of hii knowledge by experience ; but 
in every complex kind of knowledge, like that which relate;^ to mah, animals, and 
plants, his experience deceives him, unless he be prov^^y acquainted wi^ the 
gcneral^scope of nature in that department. Hence a new settler in a strange couniry, 
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who undcrstondB Physiology, has advantage over one whoso ignorance docs 

not allow him to interpret the things which daily coibc under his notice. 

Psychology.— The vast recent progress of the physical sciences has cast into shade 
those important Ranches of knowledge which rest on thought retrovertod upon itself. 
Such are the Psychological pciences, — Metaphysics, Jjogic, Ethics, etc. 

However little has been the progrcjss of an exact kind hitherto made in those sciences, 
there can hc^no doubt tliat man isihoth capable of malting, and destined to make, groat 
advances in thoat^ all-important dei".ail;monts of knowledge. If it ho asked to wliat end ? 
The answer is, that it iew^ololy by the general diffusion of those sciences that language 
can ho made an exact mediun^for the interchange o^ thought and opinion «n all subjects 
which arc not nopresentod by sensible objects. 

^ In no distant time the activity of mankind must require now occupation of mind. 
The cai'ccr of physics, astronomy, and chemistry, must begin to slacken, if such a slacken- 
ing has not aiready comlnencod. The world at proseqj stands amazed at the successful 
application of the discoveries, not quite of recent date, in the physical and chemical de- 
partments, to the aits of life — steam navigation, gas illumination, railway communica- 
tion, the electric tclcyaph, the advance tf agriculture ; hut oven these wonders must 
lose their novelty, and tlio time will arrive* when the sciences of mind will have their 
turn of popular favoured cultivation, froit which the most important fruits may be 
anticipated. • • ‘ 

The stagnation of the psychological sciences extends to aU those which rest upon 
moral evidence ; in Siort, to all those which depend for their progi’css on precision of 
nomenclatui’^ whift the subjcA%of inquiry are not fully represented by sensible objects. 
There ore, Indeed, nuq^rous dcpartmcnt%of human knowledge which seem to depend on 
more observation, in whicl^cyral principles arc continually deduced from apparent 
fa^ls, while the progress made is very little commensurato with the labour bestowed 
upon them, lliis defect of progress arises chiefly from the so-called principles or in- 
ferences being deduced from particulars called by the same name, without being, a.s is 
necessary for a perfect induction, exactly identical in character. The Science of 
Government, tlie Science of Law, the Science dt Medicine, and many other departments 
of human knowledge, come within this description. 

StatisU/ss.— Statistics have of late assumed tlic character of a separate branch of 
IqAOwlodge. It is rather an art than a science; and, when unskilfully practised, is 
subject to tlic greatest possible fallacies in its deductions. The evidence of statistics is 
apt to he roprosonted as equivalent to that of demonstration. But the*^ slightest 
con8ide];8tion will show that the evidence of statistics, though capable in some 
circumstonqjs of being demonstrotivc, also ranges through every degree of mond 
evidqnco— tho possible, the probable, and the morally certain. Ht&ce the sfiiirce of the 
great errors just referred to, as often as the evidence of statistics is assumed to possess 
one uniform domonstrativo character. It is manifest that in all kinds of induction the 
principles arrived at caffihavc no^^higher authority than the evidence bearing on the 
identity of theft several particulars out of which these principles have been drawn. 

It seems unneoessary to go faAher in illustration of the proposition that the various 
departments of knowledge, resting on moral evidence, cannot make effectual progress 
until the psychologioiil sciences have gained a larger sjiare of popular favour, and have 
become generally cultiv^jjbed an^ understood. • 

•Hatmal Bi«tory!-^ctwcen Natural History and the descriptive sciences, a strict 
alliance haa been closely celhented. In the advantages of this both depart- 
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mcnts participate. Natural History was originally very rudely arranged, owing to tho 
various mineral, vegetable, and aitimal species being grouped together, in accordance 
merely witli their most obvious external characters. What arc termed natural systems 
of Natural History have arisen out of its alliance with tho descriptive seicncos, — ^the 
knowledge of the minute structure of plants and animals, and of the structure and com- 
position of mineral bodies being made subservient to tho grouping together these indi- 
viduals of tho three kingdoms whi& are most closely related to each other tin internal 
as well as in external characters. * % 

BEinexalogy. — ^What a field of profit to the student docs Natiual History present ! 
In the inorgafiic kingdom, how precious iff tho knowledge by which he can, figuratively 
at least, convert dross into gold. If a man has become acquafnted with tlJb characters ofc» 
mineral substances, he may discover that which is regarded as worthless ta be often 
of the greatest value for some purpose in the arts. A recent ^action at law exhibited 
one of tho parties as having obtained a l(;ase fi»r upwards gf twenty years of a coal- 
mine,— one of bituminous shale, which yields many times tho price of coal for the 
manufacture of gas. Tho lease was found valid. Now, had the proprietor known a little 
of mineralogy, instead of entering tipon a (istly law-suit^ ho Inight have enriched 
himself by selling his own stratum at its actual value. Rut numerous instances could 
easily be cited, in which similar ignorance ot natural objects is tantamount to loss ; and 
where, on the other lyind, even a slightfknowlcdgc leads to great pecuniary benefit. 

Knowledge of the Mineral Kingdom implies an acquaintance with the (jharacters by 
I which the precious stones arc recognised ; with tho indications of tb^. mineral forms of 
I the useful metals ; with those of marbles, spars, alabasters, and omamenta? njincrals in 
I general ; with building stones, and their rclativb value ; and wit> the minerals which 
characterise tho several geological formation.^. AU the?* suUjects w) propose to intro- 
duce in due time into our Treatises ; and on how many occtasions may our expositions 
of this description of knowledge prove of the utmost service in many positions of life ! 
Let us state a case, os related by Professor Tennant in his Fifteenth Lecture, on the 
results of the Groat Exhibition. For wgut of the knowledge of the crystalline form of 
the diamond, a gentleman in California offered £200 for a small specimen of quartz. 
The gentleman knew nothing of the substance, except that it was a bright, shining 
mineral, excessively hard, not to bo touched by the file, and which would Scratch glass. 
Presuming that these qualities belonged only to the diamond, 
he conceiYcd that he was offering a fair price for the gem. Tho 
offer ■vffas declined by the owner ; who, had he known that the 
diamond w^ never found crystallized in the form of a six-sided 
prism, terminated at each side by a^six-sidod pyramid, as seen in 
the larger tmt, whic£ is tho exact size and shape of the stone, he 
would have been able to detect the fact, that that for which he 
was offered £200 was really not worth more than half-a-crown ! 

Tho larger figure represents tho piece of quartz in questioif; 
the smaller, one of the more common forms of the diapaond. 

Zoology. — Again, as to the Animal Kingdom, how large the 
mine of knowledge it cmbraocs, and that of interest and importance not confined to tho 
naturalist ! Tho merchant, tho nanufacturer, the agric'ilturist, tlte traveller, the sports- 
man have all to seek aid, in their several pursuits, from a know^dge of this department 
of natural history. Look to the value of our fisheries, and ju^% how available to tho cefin- 
meroial world becomes this knowledgcof animal nature. Nay more, but for our knowledge 
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of naW hi8t«7, one of our most important artieles of food wonld in tow en- 

tinsly disappeared fit,m our waters. We dlude to tHfe salmon, the fly of ^ 

tlmpaiT, M*n<rK uniTcrsallyaelmowlcagodtoboidenticaL Our eutropw^te the fish 

* ' • • «o well Known uy 

thotransYoreedusky 

bars which mark its 

Wm. Javdinc, and 

othors, pTWjlaimcd it to* be the young of tho salmoa it fell in thousands befbre the 
strategics of every village boy who possoasod a crooked pin and a yard or two of line. 
Soicnce has now established its Vsiluo, and invoked regulations Ibr its preservation. The 
angler, too,— >how nfuch more successifll is he in his spdit who has studied the 
circumstances which influcficc the humours of his prey Is it less true of the sports- 
man who unweaiicdlj paces the moors In autumn that his success is intiinati^y 
dependent on his knowlfcdgc of the habits of <iho game } Tho^wild-goose chase is 
proverbial ; hut, besides the ai'tual chase of the bini, in W'hich no one succeeds who 
docs not undta'stai^d its habits, there are many figurative wild-goose chii^es in the 
animal kingdom in which sucoecs fails from ignorance of particulars, which tho study 
of Natural History tioifld easily have sujrpUed. A practical illustration of the benefits 
even of a slight J^owledjjfc qjf Zoology, presents itself in tho case of a traveller 
or emigrant in some unknown (jountry. He has pitched his tent, or raised his hut ; 
and then he finds the locality infested by serpents. He is all anxiety and fear. He 
kno'Vs not what to do ; whether to proceed to another spot, or to remain and brave tho 
danger. Some acquaintance with the structure of reptiles would at once hare decided 
his plans ; for with the first he killed he could decide whether they were vonomous or 
harmloBS. Tho former — and the oommon viper is one— possesses, on cither side of the 
head, glondscW'hich secrete thcii- venom ; and, to conduct it to the wound they inflict 
upon their prey, they arc furnished with two hollow but long, recurved, and sharply 
pointed teeth in their upper jaw. The harmless serpents have no such apparfitus ; and 
thus tiba two genera arc at once distinguished by the absence or presence of 'Ulb fang 



in question. Our cut, after Profbssor Owen, exhibits the skulls of the two fhimlieis with 
their dental peculiarities. c ^ ^ 

Solaiiy— AtreatiwIOii^tbc written On thebenefits which an acquaintance with the 
Yelotal^O Xj^^dom la capa^ of aflfording! Of how great use is it in strange countries to 
bo able to tho plants fit fbr food, foom such as arc poisonous ; and to recognise 



UTILITY OF BOTANY? 


21 



those which have been employed in mediciae, or m any one of the numerous arts to 
which the Vegetable Kingdomis sidbsorvient. Even an Elemcntaxy knowledge of Botany 
is of exceeding interest and importance. 

Travellers in unknomi lands know full well 
that life or death often depends upon their 
acquaintance with tlic sciencic — an acquaint- 
ance, it may bo, not derived frftni learned 
treatises, but simply from little more than 
the ordinary observation of those edible plants 
with which all persons aix) familiar, fiut 
even this is still a knowledge of Botany. 

An all-wise Ib^vidcuee has so arranged that 
X)lants may bo associated into families from 
their external resemblances; aiyl, further, 
that plants possessing such resemblances to 
oaob other, liavo many properties in common. 

One of the great families of plants is the ' 

Cruciferae, or Timip tribe, every member of 
whioh, maiked by very obvious characters, Is 
easily recognised, and scarcely to b^ mis- 
taken; and all are rAnai‘kablo for edible and 
antiscorbutic properties. The crew which 
accompanied Vancouver in the expedition 
of 1792, suffered severely from scurvy, from ■* i 

want of vegetable food. The surgeon advised thatthcTi sh^d maHe for the first land; 

and at Capo Horn he found a plant, ro- 
sembling spinach, which he directod to be 
used as food, with tho hiq>pie&t effects. This 
is not a rule without an exception ; but it 
is of suoh universal appHcatkm that the tra- 
veller may, in his necessity, safely trust 
himself to its guidanco. » 

Tho Icosandrous plants, or such as have 
an indefinite number of stamens attached 
to tho calyx, are remarkable for their fide- 
lity to this law. They are all edible, and 
are represented by tho app«b and pear 
tribes, the cheny, tho strawberry, &i?. 

There is also another great family — 
the grasses, the members of whioh ezoeed 
those sf any othA: class, in number and in 
their es^tial importance* to tiho whole 
animal creation. family compre- 

hends the grasses, commonly so calkd — ^tho wheat oat, barley, rye, &c. — of our tem- 
perate climate, and tho sugar eanet of trotneal regions ; ^nd all p<»ses8 the common pro- 
perties bf being nntritioxLS and healHiM. During Lord .‘^nson’s voyages, on the 
frtthqru of pcovistons, the mariners landed and found Yegetabi||J^ which, although luiknoWn, 
were recognised as belonging to this great family, and proved to be highly beneficial^ 
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But whilo tho value of this law* is indisputable, a further knowledge of Botany is 
nocessaiy to tho traveller; since he will frequently ind associated together edible and 
poisonous plants. Thus, the deadly Upas 'J’rec is placed with the delicious fig. The 
magnificent Eu^orhias of tropical forests yield, on the one han^, the refreshing juice 
of tho E. Balsamifcra of the Canaries, and the Yuca Dulce, the nutritious farinaceous 
meal of Mexico ; and, on the other, furnish to the warlike inhabitants of Ethiopia the 
poisonous juices in which they dip their arrows. • 

The splendji Cactuses, also, psoiucc the delicious milk of the Ilya-hya, in British 
Guiana, and that of the Cow Tree in Ceylon, and also furnish the strychnine of medicine, 
and tho far-fiuned wouralic poison of tho baifics of Orinoco. Lastly,* it frequently 
Jiappens that, ^hilo one part of the plant yields an article of food, another is laden 
with noxioriB properties. Thus, if the starch fuitiished hy tho Euphorbias and Cactuses 
ifcrc eaten before tho^'iiiccs of tho plants were expelled, speedy death would ensue ; 
and, as a more familiar cx|rnplo, tho tubers of the po(atoc plant form a valuable article 
of diet, while its green-coloured fruit is poisonous. 

Geology. — Geology, again, is no longer a merely curious speculation. On tho con- 
trary, it is one of tile sciences which Aost surely leads to practical results. It has 
methodised the crust of tMb earth, and taught us to look for certain minerals almost as 
wo look for certain hecks upon certain shBlvos of a library. Coal is nowhore found 
hut in tho coal-mcasurdf) ; and a kn<iwlcdgc ofr the position of the coal or ironstone 
strata, and of the rqcks 'usually associated with them, has guide^^he capitalist to the 
spot where he mi||ht engage in tho search for these products with the least diance 
of disappmnfrncnt ; and in marly instances, had the directions of Science been sought 
and followed, vast su«ia would have been saved to the community. 

^ Deceived by appcaranc%i, qj misled by designing individuals, persons have sought 
coal at a groat expense in the wcaldcn formation of Sussex, tho oolites of Oxfordshire 
and Nurthamptonshiro, and among the Silurians of Badnorshire ; whereas attention to 
ilio simplest principles of Geology would have ifiiown the folly of such attempts. 
Because Pennsylvania rich in co^, it was imagined, in the neighbouring state of New 
York, that tho pi'<;cious gift might also be foun^ there ; and the resemblance of certain 
Silurian rocks, on tho banks of tho Hudson, to the bituminous shales of the true coal 
formation, appeared to sanction tho surmise. Accordingly mining adventurers squan- 



1. Old Bed Sandstone. 2. Mojmtaia Limestone. 8. HUlstone Grit. 4. Coal Measures. 

6. BedBandstone. 6. Lias. 7. Superior Oolite. • 

ddted away a large amount^ capital; until Geology, at the invitation of tho Legudature, 
authoritatively declared the futility of the attempts. 
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Our cut exhibits a section of the Great JBristoi C{>al-field, extending from the Mendip 
Hills to the north-west of Bath, endistanco of about twenty miles. 

AnaAgemeni of Knowledge. — Besides the Sciences and the Liberal Arts, which 
last will obtain a due share of our attention, there arc, among the subjects of human 
knowledge, the Arts and Manufactures, which contribute to the convenience and com- 
fort of life ; and which may be clttssod under the general head of Social Ecqpomy. 

The various branches of knowledge of a inactical kind connect themsolves with 
corresponding branches of Science. Some arts are mechanical ; some chemical ; some 
physiological) and some purely inte]lectual. In all these departments there are practical 
branches of knowledge which deserve tihe attention of e^ry one w1h> desires to be 
accounted liberally educated ; while 4horo are others too technical to adpiit of an^^ 
proficiency except on the part of those who devote their lives to the pursuit. Arts of 
this latter description will not j^ntcr into our plan ; but, in ^ther respects, we shul 
exclude no branch of study which belongs to the education of an accomplished citizen. 

It is thus seen that the u^odc in which we design to treat our subjects is such 
as best conduces to exercise and improve the human faculties, ani to open and expand 
the mind. • 

Uaea of Knowledge. — The acquisition of knowledge l^as two gi'cat objects ; 
namely, to obtain information for its own sake — that is, for ths s^e of the uses to which 
that inl'ormation lifay bo applied ; and also, by the varied exercise of apprehension, 
memory, reasoning, judgment, and other powers of the intellect, to’rcndcr those faculties 
available for the purposes, however great, in which, o»i! ’timc or otHcr, a *man’s position 
in life may require their utmost service. ^ * 

The cflect of education upon the individual is easily •Understood. It makes him 
what he actually is, as respects the particular stores of knowledge he possesses, and \he 
command of mind which ho can bring to bear on every crisis of his life. But man in 
society docs not stand insulated, cither as respects his knowledge or his powers of 
exertion. Every man possessed of knowledge and of ability, natural or acquired, sheds 
around him gifts of incalculable valuet* Ho is a centre or focus from which light is 
diffused on every side. A person who is himself uneducated, by living among those 
who arc educated, obtains no small share of the advantages which they possess^. He 
picks up fragments of their knowledge ; but by far the greatest of his gains arises from 
the circumstance that, by the imitative power with which our species is so largely 
gifted^ ffe catches the spirit of the acquired modes of thinking possessed by those around 
him ; so that, although his knowledge may remain rude and disjointed, ho^ogins to 
think like one wlio has received a liberal education. Thus, like charity, knowledge 
conies with it a ddhble blessing— blessing him that offers, and him that receives-^ 

Perhaps no people as a body ever exceeded the Athenians in acuteness. This we 
may justly infer from the style of the orations addressed to them, particularly from the 
stem, direct character of those of Deliosthcnes. , To the immediate education of the 
Athenian youth no very great attention appears to have been paid. "Wo are told that 
their first instruction was in swimming and the rudiments of literature. As for those 
whoso abilities were but moan, they were to learn husbandry, manufactures, and 
trades. Those who could affor^ the education of a^entlemo^ were to learn to play 
upon musical instruments, to ride, to study philosophy, tq^hunt, and practiso gym- 
nastics. Whence, then, did the Athenians as a body acquire ihat reputation for acute- 
ness, for which undoubtedly they were pre-eminent ? ^4?he portion of the people to 
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which thi f» ohoroi^tcr applied^ probably at uo period exceeded thirty tliousand, indeed^ 
that 1)0 not too liigh on estimate ; since it only excludl^ the servants and bondmen, by 
for the most considerable proportion of the inhabitants, and makes allov^anco for about 
ten thouMiid for^gners, who wore permitted to listen, but not to take>i;jpftrt in public 
afiairs, or in public amusements. 

The signal acuteness of the Athenians arose, umiuostionably, not from any rcanark- 
ablo superiority in their ewly education, but from tjio public life which they lived, 
continually fistening, in their pubt'^ ^Bsemblies and courts of justice, to orators ; m the 
schools of puilolopby, tojtlwkioui'soB on human nature rather than on phyaipalsoienoe ^ 
and in the theatres, to the upi’ivallod diumai of t^^ir tragedians and comic writers. 
Thus an Atheii^n, when Alliens was at the height of its fame, could not bo otherwise 
than acute, lie took part in the deliberations regarding public affairs j ho was present 
whonov('r instructiuu or amusement was going forward ; and, if war arose, he fought, 
—Sometimes by sea, sonRjtiinesby land. He had occasion for no language but his own ; 
his instructicn was chiefly braJ ; he required no books but those writtcu almost in his 
own time; and ho could not but know h^ own language in all its piinutcnoss and 
shadtw of meaning. IJo was a statesmani a legislator, a lawyer, a soldier, a philoso- 
pher, and a man of taste ; ht was thcT(‘foro master of all the tccliniealities which had as 
yet arisen in the langm^e ; and nothing coukL be spoken of, or even hiuted at, which 
he did not at once porceiue and understands , 

How different is the ease in modern times I IIow much more mtist bo learned to bo 
on a level with the a^o than was necessary in Atlmns ! At Athens the knowledge and 
ooutonoss by w^dch tn aocompliSlgid citizen was distinguiriied, came to him as easily as 
an acquainttoice with jj^wn life now colics to those hopeful scions w'ho spend their 
nights and days in the moti'ipolitan streets. 

We cite the superior aouteiess of the Athenians to illustrate the effect of the 
spread of intelligence ffx)m mind to mind, by which tho improvomont of a small pro- 
portion of Dig population becomes a sort of leaven to the whole mass, which, under 
favourable circumstances, may quickly become similarly affected. But tho history of 
tho Athenian people affords us another lesson, by showing Jiow much the world has 
changed since their time, and how much more laborious is now the task of acquiiing 
kuowledgo, ai^ a character for intelligence and acuteness ; for, in our day, owing 
to the rapid extension of new departments of knowledge, and the consequent increase 
of now terms, there is no longer that general acquaintance with the meaning erf words 
which prevailed among the ancimt infoibitantB of Athens, * a 

IPopUlM Kliwl.— ’We admit that, in the course of time, society^ merely by having 
included withj^ it a small Sprinkling of persons imbued with exact knowledge, has come 
to thiqjt ctrereotly upon a great number of subjects, *bn which foAicrly thfi grossei^ 
onors prevailed. But this very dreumstanoe affords the strongest inducement to promote 
education, with \he utmost speed, through crery tank of the community. TWe m 
still many evils more or less latently ^ovastatingathe social fkbric, which an ii^roved 
state of knowledge, and the consequent moro exact mode of thinking, would go far to 
CQKTeet. It is an undenkblo fact, Aat within tho last two or thi^ hundred years a 
vast amount of positive ddusm, by which the human faculties, moral and intellectual, 
wero for ages kept in %aldQin, has almost wholly disappeared feom western Eirn^e. 
Now, if miEm in j^eral no Jonger seek to discover tho coming mcidents of a xnan^s Mfo, 
or du^ant events in tho hiltoiy of a people, by studying the course of tlm stars ; or to 
prefigure ths lixtttro in the dire^on of a thunder-dap, or in a shower of stones froiXD. the 
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ftir, OT m tJie iUght of a bird, or in «M>me peouliai*ity of an animal’s entrails, — and that 
loss any profound or wideljr-diffusod knowledge bearing on snob subjeets, than 
£rom a more exact mode of thirdciiig on tho course of nature derived from tho in- 
creasing, though still small propoitiun of educated minds influencing society — surely 
there is ground to anticipate that many of the evils still left behind — the hnits of igno- 
rance and unsound thinking— JM'ould be eradicated by tlio general diffusion of education 
throughout the raassos of the couunmiity. ^ ^ 

IgnoKunoe of Natural Xiawa. — Ilow slight is the knowledge oi tho laws of na- 
ture, which for the last two or throe hundred years has fallen textile lot of each individual, 
o?on among^ho educated ordora of society ! And yet ^lat more sprinkling of know- 
I ledge in such sciences as Astronomy, Meteorology, Natui'a^ Ilistoiy, ax)/l Anatomy, has 
sufficed to banish fn)m this part of thp world asWogy, divination, sorcery^^ witchcralC 
and magic. AVhat an encoujagement do('B this fact afford to perseverance in tliat 
course whidx, within the nari’owost limits, has proved so successful ! Uut there arc sfill 
delusions remaining to be boniimod by tlxo extension of shiuid knowledge. Docs the 
favour extended by the public t^o elairvoyaiiec, tablc-tuming, and spirit-rap])ing ttdl of 
the advancement of our age beyond the standard of a former ^c ? The ago should 
blush for itself, and take to study. Such study would uot^only teach what tt) believe 
in matters of science, but put it fairly on ite guard against blind guides, who every now ! 
and then arise, like i^nes fatuif to mislead tho unwary. • 'j!hcro are two brilliant 
examples of these ih the day, who may servo os lessons to tlio public in the 

time to coanc, as having led many astray from the simplicity *of truth. They' are 
distinguished men, too — ^thc one an eminent chemist cf Germany, tAe other one of tho 
greaSbest men Scotland has produced. The public should prize ]^oth these Wn much, 
but truth more. It is melancholy to think that such men ^ould outlivo their faculties ; 
but it is BtiU more melancholy to think that tho public should bo so little instructed* as 
not to distinguish true from false science. 

Statistlo Fallacies. — The tendencies of the present ago have caused exactness, 
w'here menmnstthink without sensible forms before them, to be so generally neglected, that 
authors who would lose caste and reputation fur ])ad ^edling, and still more, for cri'ors in 
grammar^ may violate with impunity the rules of logie^ so essential to the teaching 
of truth. In no department are these nilcs so often grossly violated ag in statistical 
subjects, where we should certainly expect something like mathematical aoeuracy. Mr. 
Fonr, the able medioal assistant of the Bcgistrar-Gcncral, has pointed out a most Irudi- 
crous^pidtake of a logical kind, which cannot be too widely exposed in an age when 
cveay man appeak to statisticB, and deems himself (joinpeteni to deal with thgm. The 
annual mortality in prisem lilb being required, the statist takes the number of persons 
who have^sojouznei in a particifrar prison during the year, and also the number of 
deaths that have occurred. He then divides the former by tho latter, and points to the i 
result. Such logic is the same os if an innkeeper should l^ast of the healthiness* of his I 
house^ as compared to the rest of the teWn, on the ground that he had, during the year, 
entertained a thousand guests, of whom only one had died; whereiA the mortality 
for the rest of the town had been at tho rate of twelve per thousand. On this kind 
of logie, hnwever, Mr. Farr tells us that a Frcmeh minister pronounced prisons to 
be the healthiest places in the wqjdd ; and an English inspector ggavoly affirmed, that in 
very few ^tuationain life is an adult loss likely to die than in a^weU-eonducted prison I 

Falsa X&duetian; — In tho ridiculous book of one of the Iversons to whom we have 
re&rre^ translated by an emineat professor of chemistry, ^th<»:e is a most unpardonable' 
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abuse of the term “induction.” One^)f tiic purposes of the work is to maintain that 
some people can see lights assuming the form of human«bodics in churchyards, and other 
places where persons have been buried ; and we are told that the cyidence on which 
tho German authA* rests this statement, is an induction of particulars. 

Now, what is this so'called induction of particulars ^ A lady repeatedly says that 
she aces luminous forms ov(3r tlio graves of the newly-buried. Each repetition of the 
assertion is gravely set dowm as pne of such a seriai of particulars, os upon which 
it is allowed to found an induction, cln tlie first place, there is no cvidenco of even 
G^c of her a'^ertions 1>ciug founded upon anything but a vagary of tho imagination. 
It is a correct induction, from the particular instaneqp referred to, to say that the lady 
in qticstion asserts such thmgs; hut here the induction ends, and, as regards the 
reality of tlv> things seen, one assertion is as good* as a thousand. 

^ It is melancholy to think that such credulity diould exist among men of eminence in 
special departments of Iniowlcdge ; hut still more melancholy to reflect that tho very 
terms of exact logic should he misunderstood by an eminent professor of an important 
department of Physical Science. , 

ZSdttcatlon. — T}j» sentiment, so long iolcrated in this country, that education might 
prove hurtiiil to the masses hf society, and unfit them for their ordinary occupations, has 
long since cither died o^atural death, or, if ftot dead, is content to hide its diminished 
head in some unvisited coftier of the land. NcvQrthclods it is not altogether a settled 
point what kind of education should be provided for the public. Sbmc simple-minded 
people limit their nodon of education to tho humble acquirements of reading and writ- 
ing ; and persuns oAhis stamp S» often heard to express their surprise, when they dis- 
cover that a large portion of our ciiminal •population arc masters of these accomplish- 
memts. Reading ai^ writiifg arji hut the instnimcnts by which education is acquired. 
An(l it has been a steonge oversight that so much pains have been bestowed in provid- 
ing our population witli the instnimcnts of education, while so few have taken thought 
to put within their reach tho books from which tho knowledge yearned after could be 
reached. To supply in part this want is the great purpose of our present undertaking ; 
and if those who express their surprise that thd^e are among public criminals persons 
who can read and write, would extend their ideas of education to what includes some 
acquired knowledge of God, of Man, and of Nature, they would confess that crimes are 
seldom committed by sound-inindcd and educated people. 

Wo have asserted that reading and writing are not education, hut rather the instru- 
ments by which kncjwledgc is to he acquired. It must ho admitted, however, fria|somc 
limitation may he required to this sentiment ; since it might be contended that reading 
and writing €tand, in some measure, on tho same footing as the several branches of what 
has been termed “ industrial education.” But altCough industrild education, in its 
special sense, signifies merely that sort of training by which a person may be rendered 
more dpt to learn the kind of occupation which is to he his calling throughout life, 
and more capable of attaifting excellence in it; ^ct such an education has an additional 
influence in de\%loping the faculties, both intellectual and moral, for beyond what tho 
more accomplishments of reading and writing can produce. 

Important as industrial education is, for tho simple purpose of aiding the develop- 
ment of industry, wc must neverjoso sight of its subsidiary efieot in exalting the intel- 
lectual and moral character of the individual ; nor is it to be doubted that the vary best 
effects may bo antioipatcSl ftom mingling in all schemes of industrial education such 
studies as btiong to Physiology and Psychology, together with those of a directly 
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industrial character, in order to secure a more* immediate influence upon the moral 
character. • 

There can he no doubt that it is possible so to direct industrial education as to de- 
stroy much of the hQuefit which it is capable of conferring. There !s nothing in the 
study of abstract science and physical knowledge which should withdraw the mind&om 
an acknowledgment of the existence of the SFiniruAL in the economy of nature. But 
there is a mode of studying thbso subjects which «makcs the propertie;^ and laws of 
matter terminate too much in themselves, without sufficient reference^ to the power of 
the Infinite Intelligence by which they are maintained and supported. 

In all s^tems of industrial educatieffi it should be a* first principle that the power 
which operates in the workings of nature should stand forth acknowledged as the Powf^ 
OF God ; and that man’s power of thinking should be confessed as being tlie foundation 
of all that his mere senses seem to have discovered of the course of nature. , 

The term observation is likely to mislead the unwary^ v^o are so often told that 
all human advancement depends upon observation that they are apt to forgot that 
observation may serve to perpetuate error as readily as to advance truth. They lose 
sight of the essential maxim that it is in^lxuctcd observation* that at once discards 
error and establishes truth. It is indeed difficult for aJi enthusiastic student, amid 
the profusion of knowledge now set before him, not to belie’** thaf all that is neces- 
sary to enable an ;piprcjudiccd persAn to understand tlie oMcr and course of nature, 
is simply to open his eyes and look ai’ound him. It is, then, a^ instructive lesson for 
him to discover that, by the same exercise of the sensj* which scspis at once to have 
laid open the secrets of the universe, all those idianAoms, which for so In^ny centuries 
deluded the human mind, took their origin. > 

What we here desire to insist upon is, the paramount influence* of the state of inan’s 
spiritual development at any one time upon his capability of apprehending the economy 
of nature, with regard to the axiom — that the study of the agency by which knowledge 
is acquired should never bo severed from the study of the things which are made the 
objects of knowledge. 

It is a common idea that the rapief progress of modem seicnee has arisen entirely 
from a diligent use of the senses, in obedience to the precepts of the Baconian Phi- 
losophy. The vast progress of human thought, previous to the possibility ef this 
advantageous use of the senses, is too often altogether overlooked. Thus sense is 
exaltcc^at the expense of the higher faculties of the mind, and the conclusion arrived 
at, Ifiat the education of the sentient part of our nature is all in all. How erroneous is 
this idea, will at once appear from the briefest retrospect of the historj» of man’s 
progress. In man’s rudest state^there is no want of what passes for kLl)wledge ; and 
his mind^is so far ^•om being barren in that stage of progress, or his memory dssstitutc 
of ideas, that he positively bends under the burden of his thoughts gpd recollections. 
Nevertheless, the greater part of this profusion of apparent knowledge with which his 
mind is filled is entirely fdsc. In a ^mewhat later stage J£ progres^ this early mass 
of delusion is repTesented by the more refined but equally worthless products of sorcery, 
magic, witchcraft, divination, and astrology. 

When we look to the history of man in .the first rude ages, wo discover an ap- 
palling amount of delusion, ’which wo admit has arij|en from this tendency to account 
for what ho sees ; but, side by side ’with this heap of n^bish, we find surprising , 
proofs of the exactness with which he has gathered^fip such laws of naturo as 
arc most essential to his every-day well-being. It is when the phenomena are of 
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rarer occurrence, or when they are coAiplox, or when they seldcmi arise under exactly 
the sfimo form, that he falls into ciror. On tJuj eantrary, wlien i)henomena come 
frequently under his m>tice, if he has eiTod at first, he commonly obtains the means of 
rectifying his erroa. As soon as he discovers distinctly that the supcossion is not inva- 
riahlo, he ceases to regtird the two events as stiinding in the relation of cause and effect. 

It would bo caaj'-, tlion, to show that no just reproach can he thrown against this 
principle of iqau's nientul coTistitulym. All that he ki^ws of cause and effect he has 
acquired hy a roiiance on this part erf his mental endowments ; and we may justly 
rcniai’k that, in *the early stages of his progress, he must have been led to expect, 
through tliis principle, the discovery of things fdaced beyond liia rcacli, owing to the 
m*eat success witJi which he had ai>plicd the same to the acquisition of knowledge fit 
mr the supply of his every-day wants. • 

Astrologj^, divination, soreeiy, witchcraft, Jind magic, are all pursuits seeking to 
attain a knowledge and power forbidden to man. To tjieso pursuits, doubtless, he was 
led by this belief, that when two events stand in immediate suceession, the first is the 
cause of the second. Hy these studies he sought an wtattainablo knowledge of the 
future, and an unattainable power over Vhe future ; ho was dealing with ohscuro 
phenomena ; he could not rcddily discover ilte test afforded hy a distinct failure in the 
succession; and hince t)g]se subjects gi'ew to*bhe extent in which history exhibits them. 
But, during all tliat while, Hho knowledge of real eausos 'and itjal effects was aceumu- 
lating ; and as this real knowledge successively laid open the true order and oourse of 
natiirc, the suppose^ means of aainiug knowledge ajid power, as respects the future, 
began to declino. * • 

What wo contend fif is, the necessity of directing education to tlio knowledge of the 
workings of the hum^ mind^as ^ell as to the study of the law'S of nature, lliis we 
must repeat in season and out of season ; and we think we have just shown,, hy a 
sufficient detail of facts, that man’s knowledge of the emu’se of nature is correct only in 
so far as lie understands the real character of that intelligout agency, his own mind, hy 
which alone, upon earth, the' operations of nature are fathomed. 

It is a gi eat error to atU'mi»t to reduce popul^ education i a low standard. The 
power of thinking, and oven of thinking deeply, naturally belongs to all sound-mbidcd 
men. It is tha complexity of miiny subjects of knowledge Uiat have risen up among 
men which creates the chief difficulty hi popular education ; and that difficulty is, 
above all, aggravated by the teebnicalltics of words and symbols, which haye been 
perhaps unnccesaarilV affected, particularly by those who ridicule the idea of popular 
educatioitin the profounder parts of knowledge. It is quite true ^lat access to the 
most profound and exact ports of Physical Science can only be obtamed through the 
abstrufie means of mathematical investigation. Hut there is no ^oom fo^ despair. 
Although it is vjipossible, without the application of more time and labour than ean be 
spared by the busy world, to gain a practical acquaintance with tho profound means of 
mathematical iuvestigatioiiff it is within the readh of evoTy one to gain tolerably just 
ideas of the natii!h) of those powcrfi^ instrumemts of research. AH mathematical truth 
rests, as wo have seen, on intuitive principles of tho human mind, independently of aU 
experience ; and hy approaching Hathematies on this side, that is, by considering the 
fundamental principles of Mathematics in their logical rform, not only are the xnental 
, faculties enlarged and expanded, Imt the want of an intimate knowledge of its defffiila is, 
in m slight degree, sup^et^to the student of the general economy of nature. To 
present the voihms departments of Mothematles in what may be temed their meta- 
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physical form, should be an object with all those concerned in devising the means of 
placing an enlarged odut?ation wfthin the mich of the public. It is not to be wished 
that mtm engaged in active pursuits should immerse themselves in the deep cultivation 
of modem mathematics. Geometry, in tlie prosecution of which every step is made 
clear to the mind, cannot but serve to tsxpand the faculties ; but the higher depart- 
ments of Mathematics render the ojicrator too much of a machine, and, unless when the 
mind is happily constituted, arc very apt to spoil thtf faculties for use in*tho ordinaiy 
concerns of life, * • 

Opinions and Principles. — At the commccnemont df an undertaking which 
involves so Vide a range of discuftsion, \t is incumbent hpon us to make a profession of 
the rule by which we arc to Ikj governed on all those occasions when, i& the capa<*ity 
instructors, we have to enter upon Certain momentous questions that canhot be bettor 
indicated than as falling under the heads of opinions and pniN<«:i*i-i!S. • 

Our paramount rule will be the love of truth. We repudiate the materialism which 
at present contaminates so much of our popular literature on subjects of science. We 
shall endeavour to show how groundless — how unphilosophical— are such views of the 
economy of the universe. We shall take pains, as often^as an oijportunity occurs, to 
mahe it clear to our readers that the fa^mltioa of the human mind arc (pialified to 
discover something greater than mere law in the economy Aatiirc. We do not fear 
to promise that thp proof of the operation and s\iperintcndone.c of an Tnpinitk and 
Pehsonal Intelligence udll be as complcttdy exhibited as that »i4‘ the existence of any 
of the laws of nature which man has discovered. f 

Wo shall, on all proper occasions, combat the erroneous notion, now so .xcncrally in- 
culcated, that the discovery of a law includes all that the Ijumah luiud con derive from 
the contemplation of nature. We know how plausiMo this notion may he made to 
appear ; and how fascinating it is to think that all the complex operations of nature can 
bo reduced within the limits of a few general lav'^s. Put wo know also how many are 
deceived into the belief that siieh an c'xplanation of the jdicnomena is satisfactory to the 
human mind, as including all which, ]jy its constitution, it desires in the search into 
nature. But do the populai- writers who have adoi)ted thests views t(dl their disciples 
that this specious system of law is designed to supersedts all idea of cause — all idea of 
effieicney-^-all idea of power — all idea of an ovomiling Intelligence It will he easy to 
show that such is tho case, notwithstanding that some may protest that, while they 
insist upon the universality of law, they never fail to profoss thc^ belief in an Omni- 
poteiS^ Creator. Wo admit that it is so ; but we say that it requires but small pene- 
tration to see tha^ their logic leaves no room for that Goo in whom thcii'lips alone 
profess a ^lief. o 

Furthicr, we affirm, and chaPengo contradiction, that the great apostle of such views, 
from whose works the ideas and reasonings of these writers arc chiefly drawn, mpkes no 
such limitation in his doctrines ; but,^on the contrary, he c^dicitly declares that tho 
age of theology in human science is gone by — chicaning, by that exjfession, that the 
doclanne of universal law has superseded the idea of« Creator. 

We know that some persons cheriali the notion that tho light of nature cannot carry 
nuen to the knowledge of God. We will not, however, enter into debate on this point 
at present; we wiU only remind those to whom our argument Hiay suggest this senti- 
ment, &at what we are contending against is altogether jdjSercnt — namely, the pro- 
position latent in many popular treatises, that human sMenee is positively adverse to 
the belief in a Svpbeme iNTStLlUENCE. 
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It would not fiurprise us if many of those who havo become fascinated with the 
apparent simplicity of that philosophy which insists up(fti tho universality of law, should 
persuade themselves that w(j are misrepresenting their favourite system. They have 
not discovered thc^ the system involves the denial of an intelligcntf and infinito First 
Cause, We have already reminded them that the groat modem apostle of the doctrines to 
which they listen witli so much satisfaction expressly soys, however seldom the impious 
words may h^/c hocn allowed to rcfach their ears, that philosophy ftnds no place for 
Goi) in natiin . iThis philosopher is u Ihost dangerous logician. It is not in his reason- 
ing that flaws urc discoverable ; it is in his first principles, — and these first principles are 
exactly those which they havd been seduced fo thifik favourably of. them not 
fN'got that a rigid logic brin^ out falsehood as certainly as truth, if the principles be 
false. Amofig tJjcsc first principles, aU the victimS of this system of universal law, wc 
haTC no doubt, arc wcU ^.mUiarized with that which enunciates that, between any two 
events in nature reput'd to s^-and to each other in the rifiation of cause and effect, there 
is no link discoverable except invariable sequence ; or that nothing more can bo known 
of their connection, except that the one is uniformly th(f antecedent of the other — the 
second tho imiform consequqpt of the first. It follows from this proposition, when 
stated as above, without any qualification, th|,t the term cause’* is superfluous in refer- 
ence to tlie changes whKjhjtakc place in the economy of nature. Authors who havo 
adopted such views, still employ the term cause ; “but when wc cxajuinc tho use they 
make of that term, w« find it to be exactly synonymous with law. For example, if the 
question be asked w^ at is the %iuse of the curvilinear path of the planets, and the 
answer is, tlrit*tho attraction of tlib sun draws them from the straight line, the cause here 

• ^ assigned is manifostly nothing more than a 

^ 

reference to the law of gravitation. The 
^ \ question would have been answered in 

^ I exactly equivalent terms, if it had been said, 

( I by the law of gravitation, two bodies mov- 

\ / ing ptherwise than in the same straight 

\. / line deflect each other into a curvilinear 

orbit ; and if the one be much inferior to tho 
* other in magnitude, the less will circulate 

around tho greater. If, then, there be no ease, in tho whole of nature, in which, when 
a change takes plac^ anything more can be discovered than that an invariable,, anteco- 
V dent has been succeeded by an invariable consequent, there is no ease in which thc^rm 
cause is applicable in any other sense than as expressive of tho lavi' under which the 
change in question falls, if such a law has been discovired. And if xm law induding the 
change has been discovered, then no cause can be assigur^d beyond &e affirmation that 
such a]\d such ^phenomenon has been invariably observed to sxicceed another pheno- 
menon ; that is to say, as ^ particular instance o^ an undiscovered law. If, then, man 
can discover not^iing but law in natufc, there is no separate sense for the tenn cause; 
and if there is no room for the tcmvcausc, then there is no known instance of the exer- 
cise of power. And if man be incapable of discovering the exercise of power in the uni- 
verse, then ho is incapable of discovering the hand of God ; for what is God in nature 
hut IsTiNiTB, Intelligent PowEa ? Such is the logical conclusion from the 
statement that nothing isJffi^overable by man, in the investigation of the oporallons of 
natiue, but a mere sequence oC phenomena. 

But to this proposition wc maintain that an important addition is indispensable. Man 
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cflnnot, indoGdy discover anything hut invariable sequence in the phenomena of nature ; 
but he never sees two phenomemf thus succeed each other in invai'iablc sequence, with- 
out an involuntary acknowledgment that an exercise of power has taken place. This is 
the addition required to tlic doctrine of law in physical science ; and tSis feeling of tho 
exercise of power, as often as a change is seen to take place in the imivorsc, is easily 
proved to bo the light of nature, at every moment suggesting to men’s minds the pro- i 
sence of Omnipotence. ’ • • 

This point admits of easy iUustratidh. That "bur earth was once dSstituto of eveiy 
living thing, plant, or animal on its surface, admits of the^ clearest evidence. At a 
period, how distant from our time is immdtoriol, the earth became stocked witli plants and 
animols. Hero, then, arc two states of our planet to be codiparcd together in references 
to the signal change impUed in the proposition. • 

We clearly understand that tlic crust of the earth may at qne time have been itt a 
liquid state, owing to tho high ^‘mpcratiiro tlien provailing at the surface. Hence all 
the existing water, and all the volatile chomi(;al compoimds, such as the carbonic acid, 
now so abundantly known in «ombi nation with lime, magnesia, and other earths and 
metallic oxides, would, at that time, form a part of the atn^sphefe. But by the simple 
familiar process of cooling, that oru it, in the course of ages, woiJd become solidified ; the 
water, along with the less volatile bodies, would descend to the ’surface, and, dissolving 
tho soluble substanqos with which it dknie in contact, would create in them new anunge- 
ments, from which tlic present character of many parts of the crust of tho earth would 
bo derived. In such changes nothing is apparent but tV activity o^laws and properties 
known to belong at this moment to the Mineral Kmga\)m. * « 

But although it bo now known, from the evidence of cl^emicM analysis, that aU the 
members of the Animal and Vegetable Kingdoms arc entirely composed of materials to be 
met with in the crust of the earth, never has any one property of mineral matter come to 
light, from which it could be justly conjectured lhat there is any natural tendency, in tho 
! mineral substances composing organic bodicis, to pass from the mineral state into any 
I forms of organization, however simple.^ Here observation is completely at fault. No 
fact exists to form the very embryo of an induction, ’fho doctrine of equivocal generation 
held its ground only while uninvestigated ; and the alleged results of the experiments 
of Mr. Crosse, which, if correct, would have been so easily authenticated, ^aro beKoved 
by nobody but the crcdidous and partially instructed. To say that we are entitled to 
assume jliat tho germs of the organic bodies exist in tho miner|ls of the earth, is 
to rc^^ert to tho philosophy of the ancients — ^to throw aside the precepts of Bacon — ^to 
forget that inductiiin consists in first discovering facts, and then principles. ' If it bo 
said that this is merely an hypothesis brought forward to stimulate inquir^, we simply 
reply that'* an hypothesis which has not tho shadow of a fact in its favour is no better 
than an idle dream. * 

We maintain, then, that the contemplation of the transition of the earth, from a state 
destitute of living things to one teeming with life,* forces upon the huigan mind, by its 
very constitution, the conviction that in that vast change, so irreconcilcablc with the 
ordinary properties of the mineral matter out of which the organic world has arisen, 
there has been an exercise of FowEB^that is, of a Personal Intelligence — commen- 
surate with the wonders of the work which has been e^complishdd. 

The philosophy, then, to which we shall uniformly confoi^ throughout our under- 
taking is easily understood. We set out with the beliqf'*that there are other trdths 
witiiin man’s reach besides those determined by observation. There arc, in tho first 
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pjaop, certain necessary truths, which, independently of all observation and experience, 
man, by tho very constitution of his nature, must believe. Of these some are inttiitivo, 
and others cstabl^hed by reasoning back to the intuitive truths. Tho Convietion In eaeh 
individual of his personal identity, and of the reality of all acts of consciousness, are 
intuitive necessary tniths-^aUo such propositions as that, when equals are taken ftnm 
equals, equals remain; that things which arc equal to the same aro equal to one 
another ; that tl^ngs which arc dohblcs or halves of the same, arc equal to one another ; 
that twice four ftro eighf ; and that when two %rc taken from four two remain* All 
Mathematical domonstrafions ajcc necessary truths, not intuitive, hut rosthig Upon 
intuitive necessary truth.*^, bdng established ‘by r<Wning back to sucli truths^ for 
sample, that flic angle in *a semicircle is a right angle, and that two tangents to a 
circle drawn in opposite directions from the same ‘point arc equal. 

•'fherc are also intuitive truths which arc not necessary truths,-^that is, intuitive 
truths, tho opposite of whiek^ or a greater or less deviation ^m which, does not involvo 
a contradiction. TIic intuitive truths which arc not necessary truths, ato such con- 
victions as the belief ji an external worl(|, and in tho irco agency of self ; the fooling 
that every event has a causq^ and that there is an exorcise of power whenever a natural 
event takes place. There are also truths ob/ained by r(‘asoning back to those intuitive 
truths. For examide, hfy ^msoning back to the two truths that every event has a cause, 
and that an exercise of power is felt to have occurred whenever a ^atiu'al event takes 
place, wo obtain the conclusion, as soon as we can combine with these thO observation 
of the infinite cxt<5ril of the iini%}rsc, that there is an Invinitu Omnipotent Cause. 

Such triflha we regard as the fii'st principles on which the supcratructure of mau’s 
knowledge rests. Whfii tlij^ aclcnowledgmcnt is made, wo may embark on tho wide 
ocean of physical intestigation, irithout foar of reaching those impious conclusions to 
which wc have above referred. 

‘When we add, that every proper occasion will be seized to developc the true giounds 
in which Teleology rests, without at all infringing upon the precepts of Bacon with 
regard to the iwssible abuse of final causes in philosophical investigation, we think wo 
ha'vis sufficiently indieatt^d the character which this work will sustain as respects 
Opinions and PniNaPLES. 

t 
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Oirder In Physiology. — The Physiology of Animal and Vegetable Life, beii^^ 
subject of great extent, must bo methodically treated ; and first, it is neccssaiy to deter- 
mine what principle of arrangement is to be adopted, in order to exhibit, in a connected 
form, the comxdote phenomena of these kinds of existence. There are several modes m 
which such phenomena have been methodized ; and it will be convenient briefly to con- 
sider some of these, as exhibiting a general view of the whole subject. 

The phenomena of animal and vegetable, life may be described as Mechanical Pheno- 
mena, Chemical Phenomena, Electrical Phenomena, and the peculiar Pheil^omona of^ 
Excitability— the first three orders being common to all departments of na^c. A great 
part of ma^y of thcfjimost importa:lt actions of the perfect animal body are purely 
nical or psirely chemical, or partly chemical or partly mechanical ; w^e such actions are, 
in their remaining part, the result of a peculiar excitabiHtyi' In the cfeculation of the 
blood, for example, in man, and in the^^mimals resembling n^^, the blood is prop el led 
onwards by mediahical forces, while those mechanical forces arc called^ into activity in j 
obedience to the laws of excitability. In the function of respiration the air toteis the 
lungs in conformity with the laws of that part of mechanical science termed Pneumatics. 
T3io change which the blood undergoes by the contact of this air is a pbammul change, os 
a chang;e closely analogous to a chemical change ; whil# these lawS of pneumatics, and the 
chemical laws, are brou^t into operation by the agency^ dl an organic excitab|lity. 
The fluids contained in the leaves of plants in contact witli atmospheric air, by the influx I 
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of^Ughtf unddTgo a ohal^j or a chanigo ozactly an&logoiis to a ohiSP i i cal 

change ; while the leaf prese&ta its upper surface to tfeh under the directum of -a 
peculiar excitahilit 7 f 

ExcitaHSI^t If woTcr, can hardly bctdefined] and in the present state of phjsielog]; 
it ia negatiw fhan a positive term. AU the propertiea of an ojganic tissue, ^^he&er 

fimoti im *or Iram the vegetable kingdom, which are neiffaer mec h a nic al nor 

chemioaS^ 4^ fUndor fsditability. ^JHiua, excitahilily is that which renders a nim al and 
vegetaMe lSaslaes«mo(^j^c of cerWin phenomeDa, different from the phenomena pro* 
duded by the eame canats cm inert matter. Per example, with inert matter, the and 
textures of a loaf nuqf hie exactly imitated ; buhsuch /m artiffcuil leaf wiU Irb destitute of 
the auseeptihilityLto tom towards <he light in sunshine. 

^ Under tbaae several heads all the phenomena of plants and aidmala might probably bo 
arranged ; but the arrangement would be far from convenient. 

)t belongs to the or^ngement of the phenomena (jf organic life to point out what 
disHnetion exists between an^iiganic body ahd Inert matter ; and Uio extreme divisibility 
of inert matter supplies the zeadiBBt ground of distinction.^ The divisibility of inert matter 
is either infinite, or, at^east, such that no Hmit can be assigned to it— the minutest por- 
tion stilL retaining all tlie pA^pcrtics of the original mass. An organic body, on the 
contrary, is destroyed by division* Again, K seems a universal law, that living bodies 
alone can give origin to other living beings, either Jby a partial division of themselves, or 
by the process of generation ; whereas the origin of inorganic substances is always quite 
independent of any fPre-cxisting substance of a similar kind. Finally, the actions of 
organic substonecs, litving attaiftfe^ their ac;mc of intf'nsity, gradually decay, and at length, 
from causes ^hich arc inherent in each individual, cc^ase altogether, when the substance 
becomes at once amenable tostho operations of merely chemical and mechanical agents. 
Such is not the cfi8o,*howevcr, with inorganic substances, which maintain the same state 
unalterably,., and for any length of time, provided no external agents are brought to 
opcriitc hpon them. 

^ But, from the very earliest times, it has boon perceived that a kind of agreement exists 
between plants and aniTnaJs ; and that, in certainvrcspects, both possess a common nature. 
In the fifth century before the Christian era, Empedocles taught that seeds ere the true 
eggs of plants;^ and that plants, like animals, exhibit difference of sex, and a degree of 
sensibility. Setting out with the idea of this common nature of plants and animals, philo- 
sophers naturally next sought to discover some prominent mark of distinction betu'een the 
two kindfl of organic existences. Since the time of Aristotle, in the fourth oentiRy^befoie 
the Ohristpoi ora, the search after such a distinction has been often renewed ; yet, strange 
to say, almost every distinction hitherto fixed upon, though suffioientl)' obvious when con- 
fined the higher orders of plants and animals, has Dten frund to feil wheni applied to 
discriminate those oxganio beings lying on the confines of the two kingdoms. The dk- 
tinetion poi&ted'out by Aristotle has been revived in recent times, though hardly with the 
eoqpeotod success. distinotioQ ^p)coeds ourthe ground that animals receive their 
nutriment into tn internal cavity before it is absorbed into the substance of tito body ; 
that plants, on the contrary, absorb^heir nourishment by the external sur&ce. Ar,rm»u^ 
in ahoct, have a mouth and stomach ; while idants feed by the spongioles of their radicle^ 
and Vriinir leaves. 

l^lsile thm diatinela^ to a vei^ great extent holds good, it cannot be affirmed that it 
haa fogpUed an adeq^uaito &it in doubtful cases. 

The Utoit pocent test su^eetod Ibr dlatingoiiibang whether an organic flaristeiimi q£ 
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doabtM aspect belongs to tho vegetable or to the animal kingdom, is of a ehcmical ohaiaeteer. 
Starch is a constituent of yegetaBlo Ussues ; and hy the blue colour which iodine imparts 
to starch, even when present in the most minute proportion, it can be ^detected, wherever 
it exists, with the gr^test facility. This substance, starch, then, being supposed not to 
exist in the animal kingdom, promised to solvo the long-studied problem, or, at least, to 
bo the only test of distinction which, until very lately, could hold its ground ; but the 
recent researches of some German physiologists have* demonstrated the^ eiAsteihce of par- 
ticles of an amylaoeous nature in some of the lower aaimals ; and even in the brain and 
spinal cord of man a substance, termed oelluloso, hitherto preshmed to be proper to vege- 
tables, has l]feen discovered. • ^ • 

It is not to bo concluded, however, Uecuuse so great i difficulty occurs in discrimt^ 
nating from each other those plants ofld animals which stand on the oonfrdLbs of the two 
kingdoms, that the laws governing the vegotablo economy j^irc identical uith those 
governing the animal economy. « • 

On this important point, we will cite the following passage from the recent work of 
one of the most distinguished ofdiving physiologists ( } alentin^s Thydology^ by Brinton) : — 

^ “ The constant physical and chemical efiangos which ^accon^ny life depend upon 
various cxchaugcs, which are produced by the work of the different parts of the body—tho 
extrusion of what is useless ; the assimilation of what is received ; and the restoration 
of the organs, by which all these ©iterations are effected, the 't^ole of tho vegetahU 
or genet al organic junctions on which nutrition and generation d^nd, arc repeated in 
every living body. It has often boon supposed that a]J»thGir purf^^iilorB oonespond in 
the two organic kingdoms ; that there is a digestion, i^iespiration, a perspirttioi], and an 
excretion, in plants as well as animals. But a more aocurato dkomination teaches that 
this is not the case. Yegetables possess no tissues which oaow of the same kind of nutii- 
; tivo absoiption, of distribution of juices, or of secretion, that wo meet with in, at least, 
the higher animals. They have no large cavities in which considerable quantities of food 
can bo collected and dissolved by special fluid secretions. They possess no point midway I 
in tho movement of their juices, and no mechanism, other than that of a casual and 
secondary apparatus fur the inhaustion or the expulsion of the respiratory gases. They 
arc devoid of the changeable epithelial coverings, which play an important part in many 
of the animal excretory organs. In one word, the general orgaQic frmctiofli<fare introduced 
into the two living kingdoms of nature, and probably into their sabordbate divisions, by 
two different ways. This difference leads at once to tho oondusion, that tho structure of 
the aiiamal is not a simple repetition of that of the plant, with the addition of a scries of 
new apparatus. Tly) nature of the tissues, the mode of their actions and clhngo — the 
fonn, division, and ^stiny of the ojgatig—all those rather teach ua that affimals of any 
developmcift are conltructed upon an altogether different plan.” 

'Whatever in the above quotation may appear obscure to those to whom physiological 
ideas are new, will be cleared up, we trust, by what we are about to say on tho prominent 
distinctions between those organic existlncos whiebare unequivocally a y m ala, and those 
which are unequivocally plants, with referenoo to a b|sis fbr the arrangement of the phe- 
nomena /)f vegetablo and anim^ life. « 

In physiology, the term frmetion is of continual occurrence. 'What, then, does func- 
tion signify ? Function is the use of a part or organ. JThe fdnotlcm of the eye is sight ; 
tiiat of liie ear, hearing ; that of tho lungs, the purification of i^blood by ventilation ; 
that of the stomach, digestion ; that of the liver, to secret^ bile, tn plants— that oi* the 
spongioles Of the radicles, to absorb from tiio soil ; that of the leaves, to docompoM the 
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carbonic acid of the atmosphere, so as to appropriate the carbon for the uses of the plant ; 
that of the anlhor, to imprcgpaato the ovule, by means c/f its secretion, the pollen ; that of 
the ovary, to mat^ the ovule into a seed. 

As the functions in all the higher animals and the higher plants are numerous, there 
is room for method in the arrangement of them. Various methods have been suggested ; 
and, in accordance with some one or other of these arrangements, it has been common to 
methodize th^v^j-ioua topics belonging to physiology. 

The kind., of •function common to plants and animals, are inroporly termed vegetative 
functions — ^the same whiefi are called vegetable or general organic functions in the quota- 
tion from Valentin. The kiud^of function, nolfso obviously possessed by plants, so as to 
1R»em peculiar to^animals, oroVamod the animal functions. 

The voge1;ativc functions are the functions of fliaintenanoG ; the animal functhms arc 
th^relative functions, or^hc functions of relation. The vegetative functions end in the 
^ ^ ^ % c ^0 individual, or, at most, in the 

. \ i { / organism of the species ; the functions of rcla- 

\ 4 / j ^n cstabUsh relations between the animal and 

\ \ ak / / If wo follow the food, in one of tho higher 

\ / / aniS^aUfl, from the mouth to iti incorporation 

I with ihefprevibusly existing tissues of the body, 

I the waste of which it is its office to supply, wo 

shall discover what are the more immedmlo 
vegetative fuuctioua — ^the some which, by other 
names, arc known as tho functions of main- 
« tenanco ; the functions of nutrition ; the ossi- 

e milative fimctions, or functions of assimilation ; 

. ^ and the functions of organic life. 

” M-j Tho food— let it bo apiece of meat, or bread 

«is reduced to a pulp by the movements of tho 
^ teeth, and the admixture of tho saliva, secreted 
saUvory glands; it is then swallowed 

k — by a somewhat complex muscular action. It is 

I ^ moved about in the stomach by the contraction 

I / of its muscular fibres *, and, being mixed with 

/ the gastric juice, a peculiar fluid sdorfted by 

* / mg \ the lining membrane of the stomach, it passes 

•' / mm \ into chyme : this chyme is then, in successive 

/' ^ \ portions, transmitted, by fausculai«contraction, 

“to the highest part of the intestinal tube, 

1 a. anplurui », PMwrMli «, .tonuohs tenned the duodenum, whichi* a kind of second 
4, Spleen; e, wW; /, stiaU intestines; stomaSh, where the partially assimilatod food is 
£’S£Si\ and then with tho 

bladder sad duets; n, liver; o, pylorus secretion derived from tho sweetbread, or pan- 
otui stomsctu creas. The mass is now ready to afib^ chyle, 

^ inuafidiate nouiuteiclit of blood, to the absorbent vessels, termed laoteals, the 
exfremilivs of whioh al^t on the lining membrane of the higher parts of the intesriniil 
tafib, wiyie the residue is flUnt downwai^ by what is temed the peristaltic action of the 
tube, fcT ayiOraidiian. The chyle, takm up on a very wonderful plan by the lacteal tubes^ 
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CnYUi?VK8BEr.0. 

, th^oic duct r«<^lvlnsr lacteal tubes 
'^oin 6, Uio intestine ;*tf,^nortu. 


is transmitted through the singiiJar small organs tenned the mesontcrio glands, whence, 
after important changes, it is again collected by 
what arc named the efferent lacteal tubes; these 
by degrees unite togSther into a trunk, which 
joins the lymphatic vessels coming from >>tho 
pelvis and the lower parts of the body, to form 
the thoracic duct 
^ commencing 

in the abilomcn, 
dividing opposite 
the mi^lc of the 
' dorsal vertebrae 
into two branches, 
which soon reunite, 
passing behind the 
arch of the aorta arid 
subclavian artery, 
and making its 4um 
at b, whe^jQ if re- 
ceives several lymph- 
atic trunks, termi- 
nates at the point of 
junction of the in- 
ternal jugular and subelavian ••veins on the loft side of 
the neck, and into which it pours its contents. The chyle, 
being Uius mixed A\ith tlic venous blood, is caraied with 
it to the right side of the heart; and, by the motion of 
the heart, is thorouglily mingled witii that blood; from 
the right side of the heart the blood, reinforced by the chyle, 
is transmitted to the lungs, where, by exposure to the air, the 
venous blood is converted into arterial ; tho a^^terial blood, so 
rendered fit for the nutrition of the body, being sent forth 
from the left side of the heart, is conveyed by the aorta, tho 
great arterial trunk, and its branches, to tho capillary blood- 
vessels, which pervade all the sensible parts of t^e b(^dy. From 
these capillary blood-vessels, the several componqpt textures of 
the living frame attract tho new matter, of which stand 
in need ; while that which is already reduced to tho state of 
THE COURSE AND teuminatioh iiohiis, Tc-Gntcrs the blood of the capillary system, and, returns 
tifier TFilson, with the bl(^d, now become venoi^ip, to the nght side of tho 

0 , the aoi-ta; d, tho superior heart. The blood, havihg become impure the admixture 
wbiclSr hi some of the debris of the tissue^ and fSrom other causes, is purified, 
mammals, the duct ter- partly by the lungs, by which a superfluity of carbon is 
mlnates. thrown off, while, by tho slow combustion which it sustains, 

ftwimfLl heat is developed ; and 'partly by tho kidn^, of wlftch last organ tho par- 
ticular office plainly is to keep the blood free from the %uiouB chemical products 
generated during the successive decompositionB which^Si^ textures and their first 
debris undergo. 
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Snell is ft Ttpid dutdi of Uie Ametions named yegetfctiTC in the higher ftT^iTnuTg^ while 
it indicatoB the order in which each comes into operation. This sketch also indicates 
why the epithets iUhtritiTc and assimilatiyey often applied to this o:pder of functions, are 
not inappropriate ; assimUatiye signifying the mnlring a thing to he of like and 
boaring reference to the object of these functions being to convert the aliment into a like 
substance with* the body. Thence it appears, also, that the epithet vegetative is rightly 
applied to this or^r of functions because all the obvious functions of plants have the 
same object, namely, the cenversion of their aliments, such as water, carbonic acid, and 
ammonia, into the vegetable tczkire. ISvcn in pbptilar» language a person is %atd to vege- 
when he doce nothing to* withdraw himself from the category of those frugos con- 
sumore nati,*'<— bom to eat and drink, * 

llow inactive soever a person may be, while ho vegetates ho lives. It is by the 
exercise of the vegetative mn^tions that life is preserved.# As an order of functions they 
are^Bome more directly, some less directly — ^necessary to life. Hence the vegetative 
functions are sometimes termed the vital functions. But the term vital, as applied to 
funcrion^ having beem^used for ages in a f^stricted sense, should be wholly Irid aside. 
By the older physiologists the* term vital was confined to those funotions, the imintcr- 
ruptod cxerciso of which ia indispensable to tlfg life of the higher nuiniftlw ; namely, the 
circulation of the blood, the^respiration, and that pant of hcr^'ous action which is necce- 
sary for the continuance of the circulation of the blood and tbc 'respiration. It is 
undeniable that thei|| three fui^^ions are pre-eminently vital. If any one of these ja 
arrested, ovc:^ Ibr a very short period of time, the others likewise cease, and immediate 
death is the consequonot. Thus, there arc three modes of death readily produced by 
accident, or disease, (orrespoftding to the three so-called vital functions : death by the 
heart, death by the lungs, and death by the brain. 

'Whild', however, the remaining vegetative funotions — ^Digestion, Secretion, and Ex- 
cretion, according to the terms longest in use among physiologists — ^may be interrupted for 
a time without the loss of life — being not loss necessary to life in the wiaiTi than the throe 
functions just referred to — they arc fiilly entitled fo tlie epithet vital, unless convenience 
altogether forbade the use of that term. 

The vGgetatkrc functions, then, are common to plants and ftniTwalH^ in so fhr as both 
plants and animals possess functions concerned in nutrition ; but the particular functions 
concerned in that process in plants do not exactly correspond to the special nutritive 
actions in animals. ‘ g* 

There is another order of functions common to plants and the 

functions of raproduction. These are commonly regarded as distinct ^om tho vegetative 
functieps; although, by taking a somewhat larger view of the term vegetative,” they 
may he propcrly^includtri under that name. Thus, if the vegetative functions — namely, 
the functions of nutrition or assimilation — ^be held to terminate in the individual, whether 
plant or animal, then there must bo adppted a sopltatc order of fimctions, under tho name 
of reproductive. •But if the lai^cr, and, perhaps, more correct view, he mado choice of, 
that each species is one whole in ^ysiology, having a determinate duration, from the 
present individuals down to the last survivors, then tho reproductive functions, as acces- 
sary to the life or continuance of the ^ocies, will fall qader tlie same definition as the 
functions of maintenance jn general. According to this view, then, the vegetative 
frmetSons in plants and onmoais are the fimctions during the activity of which tho life of 
a species contihuos. • 

The non-vegetativc functions arc not essential to life ; they arc present only when the 
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actions of the organic being do xftt terminate in itself^ or in its species. In man snob 
Bon-regetatiTC functions bare their highest deyelopment. They are the functions by 
which relations are ^tablished between the indiTidnal and the world without. Such 
relations fall under the two heads of relations of knowledge and relations of power, — in 
general terms, the fimctions of locomotion and of sense. The same functions in man 
may be described as the fimctions of consciousness^ including sensation^ thought, and 
volition. * 

To Ibis statement it need only be added that the vegetatiVe functions correspond to 
the functioift of organic life, while thS relative functX)n8 are identical with those of 
animal life. * * , , 

TABLE OF Ita FUNCTIONS IN MAN. * 


I. — ^VEGETATIVE PUNCTION8. « 


Circulation of blood 
Bespiration .... 
Digeatiun, Absorption 
Secretion, Exci^tion 
HeproduotiiMi . . . . 


} Vital,* of Old Authors. 

I Natural, of Old Authors. 
Formerly aebarate. 


II. — FVECTXQiiS OP HELATION. 

Locomotion, Tliought, 
Senboion, Voice. 


Such, then, is the ordinary general arrangement of the functions of founded 

on presumed differences in their essential condition- tSTe first clasS, requiring for their 
display only a general property common to all living matter— .4;he latter, some specific 
properties in addition. There is also another foundation^for such an arrangement, in 
certain general ends, to which more or fewer of the several functions — ^independently of 
the individual end to which each is subservient — conjointly conduce. These general ends 
are three— -the ultimate object of every function being cither to preserve the individual in 
a state of life and health, to pexpetuate its species, or to maintain its relation with the 
external world. Of those, the first extend no further than the individual, and have no 
ulterior end ; the second is exercised for the sake, not of the individual, but of the race ; 
and the third furnishes ua with the only means which we possess of maintyiniug an inter- 
course with oac!h other, with Nature, and with Nature's God. Their consideration is well 
calculated continually to inculcate upon tho mind the main purposes of our existence as 
living^anfi rational orcaturos ; and to lead us to observe, while investigating the pheno- 
mena of each function, the admirable adaptation of the means to the object, not only 
individual, but general, for which this function was appointed, and to whir^, in common 
with othew, it eondnees, as subsdhdent, directly or indirectly, to the groat end .j)f our 
being. 

Wo pass over the systematic arrangements usually followed in studying the animal 
and vegetable existences, and which w commoifiy discussed in physiological works. 
Such subjects, in our CmcLB op the Soienobs, will fall under the general divisions of 
Zoology and Botany, where they will bo more fully Explained than could be possible in a 
gmieral treatise. We therefore at once proceed to tho consideration of 


THE UI«T1MATE AND ^BOXIKATE ELEMENTrs OP OBQAlklC BODIES. 

l%e chemical constitution of Organic Bodies is most rea^l^Hmdcrstood by a rc£G|ence 
to what have been named their Ultimate Elements, sftd their Proximate Elements* 
The T7XAXMATE SLE 21 ENTS are an those substazLoes found in organic matter which rank as 
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simple bodies in modem cbomistry ; that is, bodies whidh haye hitherto resisted all further 
analysis. In the wholo of nature, chemists admit the existence of no more than sixty- 
three or sixty-fou/such simple bodies. Out of those sixty-tlirco gv sixty-four elemen- 
tary substances, seventeen exist in organic nature. 

The PROXIMATE ELEMENTS aro formed by the imion of several of these ultimate 
elements. Mast commonly throe «r four ultimate elements unite in largo proportion, 
while a few othejs aro present in very minute proportion. The proximate elements, in 
which there are three principal ultimate constituents, arc termed ternary compounds ; j 
those containing four are collctik quaternary coaipounds. The ultimate elements, which I 
^ntcr in large pr^ortion inl(^ic tcniarj' and quaternary proximate elements of organic 
nature, aro the simple constituents of air and water — ^namely, oxygen, nitrogen, caihon, 
and hydrogen. As exanjplcs of the proximate elements fonned out of these, united in 
difTorent proportions, we nia]^ enumerate albumen, well Jrnown under the fonn of white 
of egg, and cascinc, the essential constituent of cheese — ^wliat, in short, makes up nearly 
the whole of well-pressed cheese made fi^m skimmed jnilk ; also the starch extracted 
from the flour of wheattad sugar ; and ligflinr, which constitutes ninety-five per cent, of 
wood. * * 

As the proximate elements are made up ortiltimatc elements, so the solid textures and 
fluids of organic bodies afe composed by the unian of the proximate elements, lly the 
union of textures, organs are formed ; by the union of organs, the bbdy itself is framed. 
Here, then, wc obtaij^ a mixed lyjialysis of the organic frame, in part chemical, and in part 
mechanical.^ • 

The modem idea of tite organs being made up of textures, so that each might be con- 
ceived as being redu(iblc to iffi ultimate mechanical elements, was a happy improvcmcAt 
on the ruder notion of ancient times, which represented the animal body as consisting of 
flesh, blood, bone, skin, hair, nail, gristle, sinew, nerve, brain, &c. What, then, is a tex- 
ture ? This question is more easily answered by examples than by a definition. The 
muscular flesh— that is, the lean of beef or mutton— is the muscular texture or tissue ; the 
substance of the brain and nerves is the nervous texture or tissue ; the connecting medium 
of the several organs of the body is the cellular tissue, called also the filamentous, or areo- 
lar tissue ; an^tiicsc three are the best distinguished textures or tissues of the animal 
body. In the vegetable kingdom, the cellular tissue is almost the only texture. 

This kind of mechanical analysis docs not admit of a rigid exactness ; because it is 
only in idea, for the most part, that the decomposition can be carried out to a ViO|^ploto 
mechanical simplicity. Hence, in a pra.;tical point of view, we do not define a texture as 
> simple solii, as if the next act of dccompoimding would bring fis to tho proximate * 
chemiMl elements contained in it, but content ourselvdb with sayingysiu the plural num- 
ber, that the tenures are tiie simpler solids wluch enter into the stnicture of complex 
parts afid organs. 

This general view bein|f promise^, we must mow look a little more narrowly — 1st, 
into the ultimate elements; 2ndly, into the proximate elements; and, Srdly, into the com- 
pORCiit textures of organic bodies. * 

The ultimate dements arc divisible into two orders : those which ore at once in larger 
proportion and more cgnstantly present ; and those which, while they usually exist in 
small imcq^ortion, follow a more vuiable rule as to their presence or absence in several 
texfwres. In the first orfiei^ as before pointed to, stand Oxygen, Hydrogen, Carbon, and 
Kitrogeu.* Hi; the second ordto wo find Chlorine, Iodine, Bromine, Fluorine, Sulphur, 
Fho^hon^ Fotasdum, Sodium, Oaldum, Magnesium. Silicium, Iron, and ’MmgmBse. 
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In a tliird order, two or throe s^ple bodies might be placed, which aro met with acci- 
dentally along with the proper elements of organic matter. 

•ultimate elements op the fibst order. 

Oxygen. — ^This chemical element, when in the isolated state at common temperatures, 
exists in the form of a gas, with the properties of common atmospheric air, which is 
indeed oxygen gas diluted, and thereby rendered less energetic in its effects.* Oxygen gas 
is essenti^ to tho life of plants and animals ; but unless diluted, it dcsiVoys both by its 
excessive stimsilus. It supports the ^ ombi|stion of combustible bodies, such os phosphorus, 
much more vividly than atmospheric air. In combination with other bodies, oxygen 
exists, diffused extensively throughout the three kingdoms of nature. Besides nearly 
making a fourth pail;, by weight, of the atmosphere, it constitutes eight-ninths of Iho whole 
weight of tho waters of the globe, and not far fi-om onc-half of the weight of tho comidon 
crust of the earth. In the aiumal kingdom, it forms something less than tho fourth port 
of the weight of diied museiJa^ flesh, and one-half of the weight of lignine, which, as 
we have seen, is nearly identical with wood. ♦There are, indeed, Jmt few natural bodies 
at tffe earth’s surface which do not contain oxygen. Thest arc c Aly enumerated, — tho 
few bodies which exist in a simple form ; c«rbon as in the state of diamond ; Buli)hur in 
some of its states ; such metals as found in tlic virgin ; tho combinations of 
metallic bodies with Chlorine, iodine, and sulphur, — ^for example, the beds of rock-salt, and 
tho sulphurcts of iron, copper, and xinc. • 

Tho process of combustion, in which oxygen plays important^ part, is not alto- 
gether foreign to tho subject of Physiology. Combustion is a chemical action, fn which the 
union of one body witli another is attended with dcvclopmeimt of heat, and, under ordinary 
circumstances, with an evolution of light. When a bit of phosphorift is introduced into a 
jar of pure oxygen gas at an elevated temperature, the phosphorus unites so rapidly 
with the oxygen, that vivid combustion is exhibited. Wliat, then, is the source of the 
heat ? To resort to the common explanation, the compound formed has a much less 
capacity for heat than Hio oxygen and pho^horus taken together; hence the excess 
becomes developed or sensible, having been before latent. Or, tlic explanation may as 
usefully be drawn from the rule, that when a body passes from a rarer to a denser state 
of aggregation, as from the gaseous to the liquid or the solid state, heal is iinirormly 
evolved. In tho case under consideration, tho phosphorus, by uniting with tho gaseous 
fapidly condenses it into a solid, in which state tho compound exists ; and so, in 
obedience to that rule, much heat is evolved. In most cases of combustion, the tempera- 
ture of the combustfblc body must bo raised considerably above tho common temperature 
of the atmosphere, by some means *indepcndently of the combustion ; but as soon as the* 
union between the combustible and the supporter of combustion commences, as bclwccn 
the wick of a lamp charged with oil and tho atmosphere, then now heat ii» developed. 

The product of the union of the twotbodics in combustion^ is not always solid, as in 
the case of phosphorus and pure oxygen gas, mozu frequently tho product is gaseous; 
thus, when charcoal, a form of carbon, bums, wheth«jr in oxygen gas or in atmospheric 
air, the product is carbonic acid gasH-tho same gas which is continually discharged from 
the limgs of animals with the expired air. Nevertheless, heat is evolved in this case, — 
the oxjsgen becoming considerably denser by the addititln of tho larbon. Of late, in the 
chemistry of the animal kingdom, the term combustion has 1|ceh extended to include those 
ptoeesses of oxidation which take place slowly within the 1y>dieB of animals, accompuiied 
by an evolution of heat; the distinctiTe name eremacausis, or slow combustion, being 
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employed in tliis sense. By this eremacansis, not onV do the simpler forms of carbon 
within the animal body, become changed by combination with oxygen into carbonic acid, 
but the salts whieh contain a yogctablc aci^ as the acetates, the tartrates, and citrates, pass 
into carbonates of the same base, just as the tartar of wine (the impure bitartrato of 
potassa) is changed by a destructive heat into carbonate of potaasa, so long known, as 
derived fromjihis source, by the n%me of salt of tartar. 

lfltvog;ea.^-Nitrogcn, like oxygen, exists, at tho ordinary temperature of the 
earth's surltcc, in the gguseous state, and possesses the common physical pr(^>ertioB of 
atmospheric air. Unlike oxyg§n, however, it «an support neither combustion nor life. 
It forms nearly /our-hfths oi the atmosphere by weight, it exists but sparingly in the 
mineral dcingdom, and is not contained, like oxygon, in the common rocks of the crust of 
the earth. Its chief source in mineral nature, besides the atmosphere, is in two orders of 
safis, the nitrates and l!hc salts having ammonia for ^eir base. Tt exists also in the 
compound mineral inflammables, such as coal, justly regarded as being of vegetable 
origin. It exists in both the organised kingdoms of native, yet is much more extensively 
diffused in tho anim|^4han in tho vegetablt kingdom. Under the head of the nutrition 
of plants, nitrogen nmst comS in for a large share of attention, * 

Sydxogen. — llyd^gcn is a gaseous b§dy, and tho lightest of known ponderable 
substances. The great source of hydrogen is thejwatcrs of the globe, of which it forma 
one-ninth port by weight. It does not exist in tho rocks of the enuft of the earth, unless 
in so far as they conftin water. Combined with nitrogen, it is present in ammonia. It 
makes up abou^ oneSbixtoenth p%A of tho whole weight in the tissue of wood, and nearly 
the same in Varch and gugor ; and of dried muscular flesh it forms about one-tbirteenth 
by weight. In such proporiAjns, then, does the hydrogen of water contribute to the sub- 
stance of animal an<f vegetable tissues. 

Caarbon. — ^At ordinary temperatures carbon is a solid body ; and its most familiar form 
is tho charcoal of wot^d. Uncombined, it exists very sparingly in the mineral kingdom ; 
but combined with oxygen, in the form of carbonic acid gas, it exists abundantly, os in 
combination with earthy and metallic bases, — sudiios tho carbonate of lime, the carbonate 
of magnesia, the carbonate of zinc. The carbonate of lime, as chalk, marble, limestone, 
marl, is one ofjthe most abundant substances in mineral nature ; and of this substance 
carbon forms onc-seventh part by weight. In the atmosphere carbonic acid is uniformly 
present, but in vaiiablo pi\tportion. It exists also in waters. The respiration of ani- 
mals and tho combustion by common Area arc continually adding to the carbonfl^ %rid of 
the atmosphere ; while tho process of vegetation is as constantly decomposing it, appro- 
priating to it|plf the carbon, and setting froc tbc oxygen. In ^cd^ muscular flesh tho 
propo^^on of carbon by weight is net/ar from onc-haff ; and in thestissne of wood the 
weight of carbon is nearly three-seveSlis. 

VLTIMATB ELEKEr^TB OF SECOND OBDEK. 

Cniloxliie.-«Cblorine does not exist free in organic nature, but only in combioation 
with, metallic bases, or with hydrogfti. The chloride of sodium, or common salt, is a con- 
stituaEt of tho animal fluids, and in certain classes of animals must bo regarded as 
essential to liib, becaui^ it is the source of muriatic hydrochloric acid, the presence 
of which is one of the oonditions 9i their digestion, • 

l^i!lilt«.**-lodme exisiS i|i sea-water, in some mineral watcans, and in a few minmdlB. 
Its c^f soutee, ilowever, is tBb oocanic algos or sea-weeds ; it exists also in sponges ; and 
has been detoem m the oyster and other marine moUuses. 
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Bxonl&e; — ^Bromine eziats aly> in sea^ water, and in some mineral waters. It has 
been fi>und in marine plants, and in tHe ashes of at least one animal, the' jonthina violaoea, 
one of the testaceous molluscs. • 

FluoxliLe. — Fluonno exists, combined wi^ lime, in the bones and teeth of animals. 
It has bean found also in the vegetable kingdom to a sufficient extent to account for its 
existence in the animal kingdom. In the mineral kingdom it exists in great abundance. 

Sulphiur. — Sulphur exists os widely diffused in me mineral kingdem as in volcanic 
products, also combined with metallic bodies, and in mineral waj^ers ; and*to these sonrccs 
in tho mineraljkingdom should be a^ded the sulphates, — s^^ch as the sulphates of lime, as 
selenite, alabaster, and plaster of Paris ; the sulphate of magnesia, or E]]^om salts ; and 
the sulphate of baryta, or heavy spar. Jn tho vegetable kingdom sulphur dops not exist 
in much profusion ; the sulphates arc among the salts met with in the analysis of vege- 
table tissues ; and sulphur is partjcularly found in some orders* of plants, as tho cruRi- 
ferous family and the lichens. In the crucifco'ous plants — sudh as the coleworts — ^thc pre- 
sence of sulphur is indicated by tjie smell of bulphnrctod hydrogen, gi^Tii off during their 
decomposition. • • 

Aosphoxua.-^ Phosphorus hardly exists f^e in an^^port of nature. The salts I 
which its acid combinations with oxygen form, arc widely spread through tho three king- I 
doms of nature, and appear to have imp|)rtaut offices assigned to tlicm in the economy of 
organic life. Phosplforus exists diffiised through all fertile soils. The source from which 
these important constituents of vegetable and animal substances origlbally roach the soil, 
is now proved to be the mineral Itfngdom. The phospbiii? of lime e.^Bts iji tho mineral 
kingdom under two forms— namely, apatite and phosphorite — ^whijji, though Ai some dis- 
tricts they constitute even mountain masses, yet arc not wifely spread over the earth’s 
surface. But recent chemical analysis has satisfactorily shown tha^ minute portions of 
phosphates arc everywhere spread throughout the earth’s surface ; so that nothing is easier 
than to understand, that by tho disintegration of these rocks— a process at all times in 
activit}’— minute portions of phosphate are continually added to the adjacent soil. Even 
in sea-water phosphates have been detedted. As to the existence of ]^Bphorus in the 
vegetable kingdom, the ashes of red wheat contain, according to Liebig, 94*44 per cent, of 
phosphates ; the ashes of white wheat, 91*47 per cent. ; the ashes of pease, 8^*46 per cent. ; 
the ashes of beans, 07*05 per cent, of the same salts *, whence it follows that the ashes of 
these several substances hayc phosphonis present in tliem to tho extend of 15 to 20 per 
cent. ^AnQ as phosphates arc invariable constituents of the seeds, not only of all kinds of 
grasses and leguminous plants, but also of the seeds of plants in general which |rc fft for 
food, it is not too much to say, that phosphorus, in minute proportions, is spr^ through- 
out the veg(Jtable kingdom. * % ♦ 

In tho animal kingdom phosphates make a proiment figure among its saline 
tuents. It has even been believed of late that uncombinod phosphorufc exists in tlio 
animal body, as in albumen and fibrino. « • 

If the phosphates in the human body amount to about one-fifth part d its weight, as 
indicated by some calculations, then every human bo^jr must contain several pounds of 
phosphorus. The phosphates, and partic^arly the phos^ate of lime, are the chief hard 
materials of the bones in veTtcbrat|d nni mula^ the carbonate of liii^ being in very inferior 
proportion. In the true shells, as in those of tho erfistaocous molluscs, or testaceous 
animals, there appear to ho no phosphates, the hard substante king almost entirely ijar- 
bonate of lime ; but in the true crustaceous animals, as in Ihe sheila of the lobster, crab, 
and crayfish, there is both phosphate of lime and carbonaio of the latter predomi- 
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nating. In egg^ahcUs tlicrc is a poi.'tion of phosphatg of lime, while the predominating 
confitituent is the carbonate of lime. The bone, as it is termed, of the cuttle-fish, con- 
tains no phosphgto of lime. In the zoophytes the composition of the indurated part 
Taries in difierent animals. Madrepore consists entirely of carbtiuatc of lime, without 
phosphate ; and tho red coiul yields a little phosphate of lime. In the higher animals 
phosphates are found generally throughout the fluids and soft parts, as well as in 
the skeleton.* % * 

8tllco», dk Silic^um.— Silica, or silicic acid, is found in small proportion 
throughout tho organised kingdoms of nature. ^ In the axilnial kingdom it is met with, in 
trifling quantity, chiefly in the bones and in tlic urine. In the Tcgetdblo Cingdom it per- 
* ^ forms the important office of imparting strength to the stem, as in grassce, so as to enable 
them to support tho w'cight of tho grain. In the stem of the cquisetacca, or horse-tails, 
tHb silica is seen to he»disposcd in a crystalline arrangement. In the bamboos of the 
EjLst Indies tlicrc occurs a diliposit of pure silica in con^derable masses, to which the name 
Tahashen” is given, and to which various mystical properties are ascribod. 

Potaasium. — ^Tl^ ashes of trees an<^ of herbaceous plants growing elsewhere .than 
on the sca-shore, contain the carbonate of potassa ; and such is the sufficient proof of 
the existence of potassium generally throughout the vegetable kingdom. The proper- 
tion of potassium varic# considerably in diflerent plants.; and those which contain a large 
proportion refuse to giuw' in soils not rich in salts of potas.sa. Thf carbonate of potassa 
was formerly cullcd*tho vegetable alkali, as if it belonged peculiarly to tho vegetable 
kingdom. Bi^t it 18 now well Appertained, that aU tli||pota8sa of tlio vegetable kingdom 
had its original soiu-cc m the mineral kingdom, whence, by the disintogration of the rocks 
containing it in small popoifion, new supplies are continually passing into soils. 

In tho animal kingdom potassium is not found so extensively diffiised. Salts of 
potassa exist in some of tho fluids of tho human body, as in tlio blood, tbe milk, tho 
urine. The same salts arc abundant in tlie urine of herbivorous animals ; that is, the 
excess of potassa iweived with vegetable food is throTRn off by the urine. 

Sodium. — In the ashes of sea-weeds, and o& points growing on tho sea-shore within 
reach of sea- water, the carbonate of soda exists. Kelp and barilla are the names applied 
respectively tqtlie soda obtained from these tw'o sources. Soda was formerly termed the 
mixmral alkah, and perhaps it ia more easily obtained from the mineral kingdom than 
potassa, owing tq its salts existing in a more isolated form in that kingdom ; for example, 
tho chloride of sodium in tho ’shape of rock-salt and sea-water, the nitrate of*soda, and 
natron, fpund in certain districts of tlm globe. Soda, like potassa, exists also ftflused 
through mogntaiu rocks in minute proportion ; for example, tho» difference between 
fclsp^ and albite, or natron felspar, is, that in tho* latter tho po^sa of t^c felspar is 
replaced by soda. 

Soda is moib particularly the alkali of the animal kingdom. Besides tho chloride of 
sodium, widely diffused, a$ already mentioned, ^ the animal kingdom, the sulphate of 
soda, the phospkate of sod^ and vmlous combinations of soda with tho organic acids, are 
met with, particularly in the animal fluids. 

Ouloium* — Lime, or the oxide of calcium, exists widely spread in organised nature. 

In thfiTcgetablo kingdom the salts of lime everywhere exist in minute proportion, while 
in tliP'’ animal kingdom^these sal8 accumulate so as tobbtain a particular prominence, as 
has jmen already^ indioatedP xjqider the head of phosphorus. * 

M»cnt»lw«a»—Magne8iA or the oxHe of magnesium, exists much more sparingly 
than Hme in i^tganic nature. Phospluda of magnesia is a salt of ccmtinual recurrence in 
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the chemical analysis of the ports of Togctablea. Thus, in the ashes of wheat, rye, beans, 
and pease, the phosphate of magndibia exists to a considerable extent. It also occurs in 
the human blood, and in the bones. 

bon. — Iron appeals to possess important offices in orgp^inic nature. * Its o:tidc exists, 
combined with phosphoric acid, in such seeds as wheat, rye, and i)ease ; and the oxide is 
discoverable in the ashes of various kinds of wood, — ^fov example, in tlu* ashes of fir-wood 
the oxide has been found to the extent of 22*3 per cant. In the animal kingdom iron 
is a imiversal constituent of the blood. J 

Manganesa. — Manganese is foimd in the auitlysis of various woods, and also in 
the human hafr. * • • • 

• 

THE PHOXIMATE ELBMENTS op OBGAXIC NATUllE. ^ * 

The proximate elements of organic nature are divisible into the azotised and ntfi- 
azotised proximate elements ; thaais, into those which contain nitrogen, and those desti- 
tute of nitrogen. 

Albumen, fibrinc, and caseine are proximate elements, common to botli kingdoms. 
According to a view which has excited much Ikttcntion, these thr«o proximate elements 
are merely slightly modified forms of tho ono proximate element, protcine. Miildcr, the 
author of this view, conceived that the compound to which he ga’^gj the name of profeine 
was tho basis of thpse several substthiccs, and that the diflbrcncc in their properties 
depended on tho circumstance that the proteine in each was united with a difTorent pro- 
portion of sulphur, or, in some c^s, of sulphur and pho^^horus ancl^salts. A degree of 
doubt still envelopes tliLs view ; Mt certain it is, that t3o three proximate *elcments just 
enumerated, differing as they do very materially in properties^ agree very closely in 
ultimate composition. All tho three, whether obtained from tliq vegetable or from 
the animal kingdom, consist of oxygen, hydrogen, carbon, and nitrogen, with a propor- 
tion of sulphur and phosphates ; tho proportion of nitrogen being about fifteen or sixteen 
per cent. 

Albumen. — ^This proximate element is most conveniently represented by tho white 
of eggs. It is soluble in water, and exists dissolved in tho serum, or watery part, of tho 
blood, and in vegatablo juices. It is coagulated by heat ; that is to say, after having 
been exposed to thft beat indicated by the 160tb degree of Fahrenheit’s tkermometcr, it 
ceases to be soluble in water, and several chemical agents produce the same effect as heat 
upon it. , Albumen exists in the serum of the blood; in tho secretions poured into what 
are tcAaed the shut cavities of the animal body, such as the thorax and abdomen ; in the 
humours of the eye in the bile ; in the muscular tissue ; and, more or less mddified, in 
many of the animal solids. It is njyct with, also, in many .vegetable juices, md in seeds, 
such as nu^ ahnonciBs, &c. • 

Flbxlne*— Like albumen, fibrino is known under two forms— the coagulated and 
the non-coagulated. The latter is found in fresh-drawn blood and in fre^drawn 
vegetable juices; but, on standing, caeffi coagulates. In the* coagulated state it exists 
naturally in muscular fle^, in tho gluten of wheat flour, and in the seed? of tixo grasses. 

GaMiae*— In milk caseine is found. It docs not coagulate spontanoomdy, like 
fibrine, nor by heat, like albumen, but by the action of acids it coagulates. Cheese made 
firom skimmed milk, and well pressed, is nearly pure c^semc. QJie name legumino was 
fomerlj^ applied to a substance quite identical with caseine, fo^md in the seeds of logu- 
minous plants. The ashes of caseine are rich in phosphate of lime and in 
Coagulated caseine is a compound of caseine with the acid Employed in tho coogolaticni. 
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When milk, by long atmding, seems to coagulate epontaneoualy, the effiiot ia produced 
by the previoua generation of lactic acid, a portioif of which has combined with the 
cascino. In the oily seeds, such as almonds, nuts, &c., caseine is present, together with 
albumen. * 

GelatilM. — ^Isinglass represents tho chemical body termed gelatine, which con- 
sists of carbon, hydroglm, nitrogen, oxygen, and sulphur. To speak strictly, it docs 
not exist in /he animal tissues, hut is foimed out of certain of these by tho action of 
boiling water. 'Gelatine is soluble in hot water, and by cooling forms a jolly. It is 
precipitated Iiy tannic aicid, and upon this property depends tho foimatiun of leather. 
The gclatinoub tissues, as tlicy«ai*o termed, arc the bones, the tendons «end<4igamcntB, tho 
^ cellular tissue, or niamentoiid tissue, and the membranes in general. Glue and size are 
formed fron. such tissues by long boiling. GelaAino is found to be more closely allied 
to* albumen, fibriiu*, and caseine, than was at first supposed. It is belieTcd, however, 
that it cannot bo transformed williin the animal bod^into albumen, fibrinc, or caseine; 
and that is the reason why animalb fed cxdubively on gelatine die with symptoms of 
starvation. » 

Chondxine. — ^]3eiween|;elatine and (faondrinc, which forms the tissue of cartilage, 
there is a close resemblance ; with Uiis diffi^reiico, however, that chondrinc is not precipi- 
tated by tannic acid. * •' 

Homy OCattex. — Off homy matter there aio two ’ varieties, the membranous and 
the compact. The membranous constitutes the epidermis and tho epitbolium, or lining 
membrane of the vessels, the^intestines, the puhnon^ cells, &v. Tho compact forms 
hair, horn, nails, Feathers Arc allied to homy miiSter. 

Heinatoaiiie.— Tbc colour of the blood is due to a peculiar albuminous piinciplc, 
termed hematoeinc.^ 

0lQbiiiiiie. — In the blood-globules, besides hematosinc, there is another albuminous 
principle, on which the name globulino has been bestowed. 

Xxoatine. — There has been obtained of late, from the juico of flesh, a remarkable 
substance, to which the name kreatino has been given. It is a crystalline compound, 
consisting of oxygen, hydrogen, carbon, and ]!itrogen. It has neither acid nor basic 
properties. It is very soluble in hot water, and cold water retains a minute portion of it 
in solution. Cy the action of strong acids it is resolved into a new body, named kreati- 
nine. Kreatino has been found, in minute quantity, in the muscular flesh of the common 
domestio quadrupeds, and also in that of bii^ and &hes. 

UMa.* — ^The chief pocuHar constituent of the urine is xuca, which consists of oxygen, 
hydrogen^ carbon, and nitrogen, the kat being the predonflnant element. Although, 
then; the oernsrituents of urea are the same as those of albumen, fibrine, and caseine, the 
proportions are very difierent. In those albuminous Ibodics tho pro^rtioa of nitrogen is 
only ehout 15 per cent, while in urea it is 47 per cent. In those so-called forms of 
proteine the carbon amoozitB to 52 or 53 per cent ; while in urea it is no moxe thaai 20 
per cent. In the former, <the hydrogen is very iftnch tho same per cent, as in the latter; 
but the oxygeif in urea is 27 per cent, while in the farms of proteine it is ^ut 22 
per omit * 

Hkto Acid.— In uric acid the proportion of nitrogen is also great, while that of 
easrixuiia also ootisidcT^jlc. The nitrogen is present teethe extent of 32 per cent., while 
the carbon amounts to srper cent Uric acid is secreted, not only by ATumnlH and birds, j 
but. also by sarpents ana 
withatamcnia... 


mmy ii^peots. 


fluano consists chiefly of uric acid combined 
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n^piulc Acid.— In the urino of graminivorous animals another acid has been 
difloovercd, to which the name hipf uric has been given. In this acid there is no more 
than 8 per cent, of nitrogen. 

THE NOH^AZOTISED FllOXlMATE ELEMENTS OP pZLGANIC BODIES. 

Oil, CP Fat. — For sake of conTeniciMic, we still speakof the constituents of organic 
bodies as proximate elements, though, strictly speakings the oily acids, of which these oils 
consist, are the true proximate elements, llio term iixed oil, or fat, deputes a compound 
of oxide of glyccryle with certain organic acids, chiefly comptunds of that oxide, with 
stearic, margaaic, ajxd oleio acids, — two o£ these, and often all throe, being present. In 
animals, fat occurs chiefly in the cellular membrane, or in» a tissue connected with it. 
Among plants, oils oocur in tho scods,feapsxilcs, or pulp sun-ounding the seeds, and very 
seldom in the root. 

Staxch. — ^Fccula, or starchy as already stated, has only lately betm recorded as 
existing in tho animal kingdom. In vegetable nature it is everywhere met with. It 
occurs abundantly in tlic seeds of tho ccrcalia ; in the tubers of tuberiferous roots, as in 
tho pobito ; in tho stems of palms ; and iu lichens. Starch, by its ready convertibility 
into soluble forms — such as dextrine and sugar — ^is wcU fitted to act important parts in 
the economy of vegetable nature. It appcai% to be stored up in tjie seeds, roots, and pith 
of plants, to supply materials for some ef the most essential veri table products. 

Gum. — The mudllaginous compound, gum, is widely spread throughout the vegetable 
kingdom. It is soluble in water, and insoluble in spirit. Its precise uses in tlio vege- 
table economy have hardly yet bAh made known. ** ^ 

Ligniae.— Tho basis of wood, and of the stems and leaves herbaceous plants, is 
termed lignine, or woody fibre. It is a fibrous matter, insoiablc in ordinary solvents, 
and is left after vegetables have been successively exp(»sed to tho effects of ether, alcohol, 
water, diluted acids, and diluted alakalics. lagnine forms about 95 per cent, of baked 
wood, and is tlic chief constituent of linen, paper, and cotton. Lignine, togetlicr with 
starch and gum, constitutes tlic principal mass of the vegetable kingdom. 

Such arc the chief proximate elements of the organised kingdoms of nature ; as to the 
rest, it woujd he tedious to enter upon any allusion to them at pi’cscnt, while such of 
them as desorve particular attention, will meet with the nccessaiy mcniionidB the fitriher 
course of this treatise. 

*' 

. TUB CHIEF COMPONENT TEXTUBBS OP ORGANIC BODIES. 

• 

It will be sufficient to exhibit a few distinct examples of the character and properties 
of the emnponent tckturcs of organic bodies, without attempting, at this Atage of our 
undertaking) to exhaaist the whole flf the details which might come under this sectiqp. 

In the animal kingdom, as before hinted at, there are three well-distinguished tex- 
tures, namely, the muscular, the nervous, and the filamentous. In the vegetable kingdom 
there is only one distinct texture, namely the cellular. » 

I The muscular tissue— to confine our attention to a single fibre— has the property of 
shortening and eloi^ating itself by a molecular movement of its minute constituent 
I parts, so as to impart a mechanic^ impulse to the adjacent solids, or fluids. In the 
I moantime tho cilia, as they are jtermed, or the minute bodies ^bserved in motion on 
membraimufl surfaces, may be ranked with tho musAilar texture^ though it be still 
uneertam to what extent the molecular action in each is difl€gc&. The neiwous textijgre 
has the property of being so influenced fiom without, as^to q^EOCute and regulate 
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movements of muscular fibres. T]io*musciiIar and the nervous textures admit of Htflo 
modification, retaining nearly the same structural character under all kinds of ciicum- 
stances. The third textui'c, the filamentous, being merely the connecting medium of the 
several componeht parts, may bo regarded as suftoring various mo^cations, or, at least, 
as representing various other Mssuea, particularly membrane, bone, and caililagc. 

The BKiuculair Two kinds* of muscular fibre arc known in the 

animal kingjjom, and fijiGso, in ^le higher animals, ore well distinguished fiom each | 
other. One oi^theso occurs in the voluntary muscles, and is named, from conspicuous 
cross markinprs, the striped muscular fibre ; the other, found in the alimentary canal, the 
womb, and the bladder, being Restitute of sucl* crosa markings, is tcrmod*tho unstriped. 

^ In the heart an4 tbo gullet both kinds are met with. The elementary striped muscular 
fibres are airangcd in sets parallel to each other f the imstripcd muscular fibres, on the 

contrary, cross each other at various angles, 
and interlace, being arranged like membra- 
nous organs enclosing a cavity, which, by 
thi'ir constriction, is contracted. 

Th(f striped fibres arc usually as long, or 
nt'arly as long, os the muscle in which they 

^'xist. They vary in diameter from onc-six- 

• b tietU to onc-fiftoen-hundredth of an inch ; 

0<»T.*CTI0S ^ 

P'rupiinent of elementary fibre of an eel partially ceous animals, fishes, and rcptUcs, and of 

loartbread* in birds. Thoir average width 
• in the human body is onc-fourteen-himdrcdth 

of an inch. Tlicy^e not Cylindrical, hut more or loss flattened. This primitive fibre 
consists of a great number of primitive partides, or sarcous elements, enclosed in a tubular 
organ, tcimod sarcolemma. 

The ordinary diameter of the unstriped fibre is from onc-two-thousandtli to onc- 
three-thousandth part of an inch. It is doubtful if they possess a sarcolon^^; The 
absence of cross stripes seems to arise from a ledb unifoim arrangement of thdb interior 
particles, or sarcous elements. 

In the lower animals, Hie distinctive characters of these two kinds of primitive mus- 
cular fibre begin to be confounded, especially when the fibres become much reduced in 
size. The transverse stripes become irregular, not parallel, and interrupted ; and sometimes 
a fibre shows the transverse stripes near its centre ; in ^ort, as the fibres bbcqpio ex- 
trcmely minuto, these azmtomical characters are lost ; and this may be the reason why in 
infiisory aninalcules, the wonderful movements of which they axe bapaUe cannot, even 
wiU^the best microscopes, be referred to the presenco^of muscular structure. • 

Each primitive muscular fibre is prox>erly regarded as a distinct organ comidete in 
itself ^ and there are instances in the animal kingdom of a striped musclo consisting of a 
single fibre, and this fibrai containing only a sin^o file of sarcous dements. 

Whenever i primitive muscular fibre preserves a redalineal direction from end to end, 
the movement it undergoes is siftiply rectilinear ; but the compound organs, tennod 
musdes, in ^ human body, and m the larger animiOa, consist of many thousands of these 
primitive muscular fibijps : stUl, however, the result must be described as a moebanioal 
traction, compounded m the recfllmeal morion, in a number of minute fibtres, or^wrts of 
fifag^ as to length, rilft •origind rectilineal motion being the efibot of mdeoular 
moment of Ilm semiMlefitents within the primitive fibres. 
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These primitiyo musciilai^ fibres arc pkinl y extrayascular ; that is, the minute blood- 
vessels ‘w^hich nourish them and^ replace thcii* substance, continually reduced to inert 
ehemical products by the exercise of living action, do not enter the fibre, but merely convey 
the blood to its exterior surface, whence the nutrient matter is attracted into its interior. 

Of tho nervous filaments supplying the primitive muscular fibre, a like remark may 
be made as respects all those animals in which nervous filaiiHj|its can bo traced to the 
component fibres of a muscle. The primitive tubules of a nerve pass ai^ong tho fibres of 
a muscle, and touch tho sarcolemma os they pass ; but, as far as present* rescai'ches have 
informed us, they are entirely precluded by this stmeture fium'all contact with tho con- 
tractible matAiol, and from all inifiicdiafb intercourse wfth it .” — ThyMotjioal Amiomy^ 
by Todd and Bowman, vol. i. p. 168. • * 

Contractility. — The properly of I muscular fibre to shorten itself on tUc application 
of a stimulus, and, by a quick alternation, again to return to ^ former length, is wn- 
tractility. When, then, the contractility of a muscular fibr^ is spoken of, the term is to 
be understood in this special sense, or as indicating the quick alternation of shortening 
and lengthening. In the works of Haller, the greatest of physiologists, this special 
property of muscular fibre is termed iirLtabiilty. But as mitalMty may bo somotimes 
employed in a larger sense, contractility appears to bo tho more appropriate term. At 
the same time, it cannot be denied that irritability includes contioctility ; that is to say, 
that contractility o:^muscular fibre is u species of irritability, and tbo same thing may be 
said of excitability. Tho contractility of a muscular fibre, in thCj^ense here indicated, 
is a species, or ffcu, of its excitability. ^ ^ 

Tho stimulants which call tho contractility of a"' muscular fibre imb activity, arc 
either meclianical, as irritation with a sharp instrument; cllemical, like some acid 
chemioal fluid ; electrical, like a shock of galvanism ; or psychy;al, like the human 
volition. 

When a muscular fibre, the opposite extremities of which are attached, for example, 

to adjacent points of two bones, 
is made to shorten itself forcibly 
^ by the application of a stimulus, 

MM the more movcablo point is 
dm IJ drawn nearer td the more fixed 

hmSJU point; and this is tho great i 

law on which locomotion by 
muscular fibres depends. Thus 
^ ^ fore-ann is ben1> upon tho 

arm by a mus9le, which 

arises ^m the top of the latter, 

and which is inserted at e. at a 

BONKS OP ARM, UOLDXNO WXIOBT. . ^ j. . ^ 

short distance from the* elbow- 
joint. A very slight contraction will*raise the hand, but M considerable increase of 
power is required to overcome a resisting force. ^ ^ ^ 

Tonicity.— There is another form of muscular contraction, which may jw may not bo 
tho result of the same property, modified by a difference of circumstances. * In past times, 
however, it has been regai^d os Different property, an^ is knowi^by the name of tonicity. 
The character of this so-called property of the muscular fibre i«^etter taught by example 
than by description. If a musde in the living body be cut«ri^t through, each 
after a few quivers, begins slowly to shorten itself in a ^stingnent manner, so that m 
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empty space iileft bet^vroen the two out oxtrendties. There being no tendency in ihese 
two ^ortened porttcois to return to their formm lenllh during on indefbdte term, 
tMs effect has uwi^y been ascribed to a property different from contractility, under the 
namo of tonUnty. whenever^ by any change of the relative natural position of the parts 
of the skeleton, as by fracture or dislocation, the points to which the opposite end^ of a 
muscle are attached are bna^ight ne#cr to each other, tho muscle becomes permanently 
shortened by th^ same so-eallcd tonicity. Again, if tho muscles which extend or 
Btiralghten a joint become paralysed, without a corresponding loss of power in the 
; antagonistic muscles which^bend that jomt, then tho flexor muscles, as they are termed, 
become shortened by their tonibity, and the jSint Aimains permanently *bont. This 
ifOKplains the permanent bcnt*stato of the elbow-joints in the paralysis of the upper 
extremitios a^ndant on tho painter’s colic, to i^ch all artisans are exposed whose 
occupations bring them into daily contact with preparations of lead. 

^mo forms of permanent dock-jaw seomto bo of thE same character; the muscles 
dosing the jaw, wMch correspond to flexors, remaining in full vigour, while their anto- 
gcfnista have lost their x>ower. • 

IKiiiBoulaar Taxtwe»— ^e muscular desh constitutes a largo proportion of the soft 
I parts of the animal frame. In tho higher animals nearly the whole of the musdes are 
i attached to the skeleton, os are skoleton-musclies. In common quadrupeds there is a peculiar 
subcutaneous muscle— the panniculuB comosus — ^by* which these aniiqals are enabled to 
move the intogumentsfkso as to shake off from their skin insects and other annoyances. In 
the human body thci^ is a musoi^r expansion occupying tho nock, corrftponding to the 
Bubcutaneous^nluscles in quadrupeds, which anatomists term platysma myoidos. The 
platyama myoidos and |flinni^luB comosus, in higher animals, are conceived to represent 
an entii'c system of musdes, which, in its full development, belongs to a different part of 
the animal kingdom. For example, in the crab and lobster, the muscles which move the 
limbs are inserted into the shell, which is plainly the integument of these animals, though 
in them it takes the place of a skeleton, llius the muscles of locomotion in tho crab and 
lobster are a highly developed system of snbcutocous musdes, corresponding to the 
platysma and panniculus, or tho hypodmmal system in mammals, and which, as opposed 
to the dEcleton system of muscles, belongs in general, under its developed state, to all 
a nim al s, with tMb exception of tho vertebrata. As organs of motion, tlic ciliary processes, 

I or dha, might bo spoken of yith the muscular tissue; but will be referred to else- 
where. 

NexwOHa Textove. — ^The nervous matter exhibits two forms, the vesicular anfl the 
fibrouSj vesicular nervous matixT is gray, or oineritious, in coloqr, and granular in 
texture ; it oAtoins nudeated nerve-v csiclcs. Tho fl]^u8 nervous matter is white and 
tubulaa; in some parts, however, it is gray, and its fibres are solid. •'When floth these 
kinds of nervotu| matter are united into a variable-shaped body, that body is termed a 
nmous bentre ; and tho threads of fibrous matter which pass to and from it, are tenned 
nerves. T^o offi^ of the lAtor is called intomuficial that is, they establish a com- 
munication between the several pogs of tho body and the nervous centre, and between 
tho osntre and tho several parts of the body. 

ofi tho solids, the nervous matter comes nearest to tho fluid condition. It 

to SGvm-eighth%pf its weight of waten In general terms, its chemical 
lhay be thus giTj|ii : albumen, seven parts ; fatty matter, five parts ; t^atcr, 
eigibtytiparto ; the remainder comists of inorganic matter, the of' which is 
phosphofus, if ^ inihe slate of ]^oirphoric acid. 




STRUCTURE OF NERTES. 


Tile fibrous nenrous mstter i j most extensircly difiosed througbout tihe boid^. 

It enters largely into the nerrons centres, and is the 
chief constituent of the noryes, which extend in every ,, 

direction. Besides the tubular fibre, or nerve-tube, there I I 

is also what is termed the gclatinotis fibre ; the latter II 

is much less abundant, being found chiefiy in the ^cat " \ J HH b 

sympathetic nerve. In the tubular fibre, there irf ex- 
temally the tubular membrane, analogous to the sarco- ffl * 0 WM 

lemma of the striped muscular fibre. white substanc^ * I I ^ c BW 
called the white substance of Schwann, forms an in- ** lol ^ jpM o j 

tenor tube, and within that the material is transparent. Ill ** 

The nerves-tubes lie parallel to cact other, and never 1 1 i C P 

branch. In the cut, u represents a nerve tube in • | If 0 |||l > • 
water. The delicate line on As exterior indicates the • 1 1 q® 

tubular membrane. The dark, double-edged inner one, | 1 o hS O 

is the white substance of ScISwonn, &light\y wrinkled. \S H 0 Uj o 

b is the same in ether. Several oil-globules have • w W 0 

coalesced in the interior, and others havg accumulated ^ 

round the exterior of the tube. The white substance has , * ^ 

in part disappeared* nebvk tvbes or the eki, in water 

The vesicular matter oiisto in the nervous centres ; 
but is never found in nerves. It essentially consij** ^ 

of vesicles or cells, containing nuclei and nuclcoU. The wall of each voi^e is formed of 
an oitremely delicate membrane, containing a softbuttenadons finely granular The 
prevailing form is globular ; hut that figure is UaUe to bechanged ly packing. There is 
also a kind of nerve-veside, tenned caudate, firom exhibiting one or two 
processes. 

A nerve is a leash of nerve-fibres, surrounded and connected by areolar tissne. The 
areolar tissue surrounding tho nervo-fihpes isoaJled the neurUemma: fiomtho internal sur- 
face of which, processes are sent inward.s, to Ibrm partitions between the smaller leashes 
and the individual fibres. Tho blood-vessels axe distributed upon the investing neuri- 
lemma and its partition-like processes— and thus the individual nerve-Sre is, like the 
ultimate fibres of tlie muscles, extravascular. The nerve-fibres within the sheath lie in 
simple juxtaposition, the several fibres being parallel to each other. These fibres, which 
in tho cerebro-spinal nerves are chiefly of the tubular kind, whUe varying considorably, 
do not exceed tho onc-fiftoen-hundredth of an inch in man and the ^ 

RSninlmM8| — Tho areolar tissue of recent authorities has 

a very perplexing number of names. Among tho newer names applied to Ihis^tissue, 
is that of filamentous tissue. It is the tda cellulosa, the ceUuIar tissue of the oldor autho- 
rities, called also ocUular substance ; b^t, in its ultimate stn^cture, it appears to bo of a 
fibrous chararter, and hence the term cellular is inappropriate. The aroolar tissue is most 
extensively diffused over the animal body, ccmncctii% tho other component pmts of the 
frame in such a manner as to allow of a greater or less freedom of motion between them. 
Owing to this manifSest use of tho areolar tissue,- the additional name « connexive tissue” 
has h(^n proposed f(» it. It is paced in the interstii^B of oth?r textures in ^eator or 
less abundance, and in a more or less lax state, according exigencies of the^ case* 

It everywhere surrounds the blood-vessels, and is bardljaabsent in parts supplied, wiiih 
blood* In the more solid parts eff' bone, in tcelh, and^caztPage, it does not exi^^.^jidf 
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scarcely in ihe substonoe of tho brain, except around tbe larger blood-vessels. In the 
muscles it connects the elementary fibres togctlier, yet does not penetrate tho sarcolemma, 
or touch the contra«tilo elements within. It is remarkable, that abundant as it is in the 
muscles at largo, it is in very sparing proportion within the substance of the heart. It 
exists largcdy immediately beneath the skin ; and hence it is this lax layer of areolar tex- 
ture which is tho scat of tlie dropsy termed anasarca, and of tho occasional accumulation 
of air ’termed en^hysema. • 

The areolar texture, moreover, sun'ounds all the organs, particularly those, like tho 
pharynx, gullet, lumbar colon, bladder, &c., which have no free surface. It dips also 
into tho interior o^ organs, and^connccts their proper anatomical elements together. It 
'j*tl^pcars, however, that the importance of the areolar tissue in tho parenchymatous organs, 
as they arc named — the lungs, tho liver, &c.— has*bcen overrated. It always attends 
J tho distribution of Hie bldod-vesscls in such organs ; “ but wherever, either from the 
intrica 9 y of tho interlacement <)f the capillaries with thePother essential elements of tlie 
particular organ, or the greater sti’cngth of these elements themselves, tho firm contex- 
ture of the whole is prodded for, while littlg or no motiorf is required between its parts, 
this intcrsticial filamentary tissue will bo found to bo confined to the larger blood-vessels, 
and to the surface of the natural subdivisions gf tlie organ .’' — Todd and Jiotvman, vol. i. 
pp. 77, 78. • . ^ ^ 

tinder the microscope. Hie areolar tissue presents an inextricably interlacement of 
tortuous and wavy threads, intersecting one another in every direction. Of these 
threads ^lljpro arc two kinds, the white fibrous element, and 
^le yellow fibrous element. Tho threads of tho former are 
molaiidc, of unequal thickness, forming bands with tho marks of 
longitudinal creasing, the largest of Hie bands being often onc- 
IhrcG-hundrodth part of an inch in widHi. The threads of the 
latter are long, single, clastic, branched filaments, disposed to 
cm-l when not put upon tho stretch, and for the most port about 
the one-cight-thousandth^part of an inch in thickness. They 
interlace wuHi those of tho white fibrous element, but there 
appears to be no continuity of substance between Hiem. By 
the crossing in endless succession of tbeso microscopic filaments, 
and of their fasciculi, there results a most intricate web, the 
interstices of which aro most irregular in size and shape, whilo 
all necessarily communicate with one another. These ibter- 
stices aro not cavities possessed of definite ^limits, since they 
ai^,in fact, formed out of a mess of tangled Hireads. appears 

at onco, then, that tho term cell is inappropriate to these 
interstices. In certain ports, however, of this texture, 
secondary cavities, not ^inappropriately termed cells, occur, 
particularly in tbe subcuteuieous cellular tissue in which fat accumulates. These 
Beoondaiy cavities, or cells, often viAblo to the naked eye, have a somewhat determinate 
shape and size. 

19 ie l^tty or adipose tissue has the like office of filling up interstices with the areolar 
tifsiie ; and lie&oe, being*found ahffast constantly associaW with that tissue, it has been 
too oqpnaonly regarded by^nQtomists as merdy one of its modifications. The lAipose 
and axe<^ teuhcb however, ajgiear to bo altogether distinct and indeptmdent. It has, 
indeed, long bean remarked Ikst there are many situatums in which areolar fassue 



a, white, and b, yellow 
flbrmift ttsiue, (tfier 2bdd 
ftHd JSowman. Msgai- 
lied 3S0 diameters. 
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trmfornily exists in which fey; never appears, while . there arc some situations-^ for 
example, in the cancolli of bones — exhibiting a copious deposit of fat, without any 
vestige of areolar tissue. And as the two tissues seem to be quiVs distinct, even in 
those situations whfirc both exist in proximity, the old term adiposo cellulai* tissue ^ould 
bo discarded. • 


Tat is not to be confounded with adipose tissue. * The tissue is the thin membrane, 
thrown into closeil vesicles, or cellr-j'^thc fat is what 
/C these vesicles, or cells, contain. Thb tissue, or mem- 

I I branc^ is about the one-twenty-thousandth port of an 

J^ch in thieknes.s, and i| quite transparent; it is of the 
f ^ \ sinyilest structure, and incapable of lurther mechanicaJ' 

^ analysis. Each vesicle is a distinct organ in itself 

one-three-hjaidrodth to ono-oigbt»hun- 
( dredth part of an inch ii? diameter. 

\ AJ 1 itself is a form of oil, resolvable into stearinc, 

I / oleine, an^ margarine. ^ 

y Fat is extensively difSasod through the animal king- 
I N. I Jii y/^ ^ exists not only in perfect inscjcts, but plso in 

I larvae. It is found in^nJblluscs. In all the tribes 

^ « of vertebrated animals it is met with. In many lishes 

FAT VESICLES— q//«* Todd Roik- « J 1 • x-i T il <1 L'i.- 

,»a«.« 3 .ui,iii.gtucpoiyhcci.aifo™ ‘‘ “ <>”ly “ l>ver,-M Hie cod, the whiting^ 

from pressure against one another, the haddock, and tH'^’ays. In Fjii>tilcs it exists chiefly 
in the abdomen. In the frog, toad, Sx. it is found 
in long bands on each side of tbo spine. In birds it exists thiofly between tho peri- 
I toneum and tho abdominal muscles ; also, however, in the hoilcs of tho extremities, 

I particularly of the swimming tribes. In mammals generally it abounds, yet with some 
I exceptions ; for example, the hare, in which sometimes hardly a i>articlc of fat ia dis- 
coverable. 


In tho healthy human foetus fat ar^cumulatca in consi^orablc quantity after the middle 
of the period of gestation. The quantity of fat in a moderately fat man has been •esti- 
mated at about ono-twentieth of his weight. 

Tho white fibrous tissue and tho yellow fibrous tissue are not confined to the areolar 
texture. The white fibrous, or inola.slic fibrous tissue constitutes tbo ligaments of the 
joii^ts and skeleton, the tendons of tho muscles, and the membranes termed fibrous 
membranes. The yellow fibrous tissue, or the elastic fibrous tissue, forins some struc- 
tures of great iu^ortauce in which elasticity is requisite, as in the ligamenfh subfiava of 
the spinq, and va^^ous parts of Abo mccbanimi of tho larynx and windpipe. A peculiar 
modification of this texture constitutes the middle or proper coat of the arteries. ** 

Simple membrane, together with epithelium, or epidermis, constitutes tho te^mentary 
surface of the body, internal and ext<ipal, or tho mucous surfaces and the integuments; 
while an epithelium, spread over expanded cellular tissue, constitute! the serous mem- 
branes, or the linings of tho shut cavities. •> 

In the higher animals the mucous and serous membranes are well distinguished from 
«ach other. The former line the open cavities of tho body : one extends in man, for 
example, from the frontal sifius into the cavities >of the nbso, ear, and mAuth, and 
descends by the windpipe to line the countless number of njnute au>cclls ; on tho other 
hand, it passes through tho gullet to the stomach, and^S) tbo^ough the small and great 
intestines to the extremity of the rectum. The second groat mucous membrane may be 
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detkuibed 4i8 oommeziciiig in the .pelvis of the kidnoy ; it ^descends through the ureton to 
the bladder, and from the urethra, in both sexes, is transmitted into the organs of genera- 
tion. The first of great mucous membranes is termed the gastro-pulmonic mem- 
brane ; the second, the genito-urinary mucous membrane. Owing to*the extreme minute- 
ness of the air-cells, which tlio pulmonic mucous mombrame lines, tho area of that mem- 
brane far exceeds tho whole extent of tho surface of tlio body. 

The serous ^4|embraue3 lino thb groat shut cavities of the body. The peri- 
toneum, or sorc'iis^noiiihrano of the abdomen, is the largest membrane of this class. The 
membrane itself is a shut sac, like a double nightcap. The sac within contains nothing 
but secretion, tho secreting suriooc being cveryw'here in contact with itself, that is, 
^rith another poiliion of the same inner surface of the sac ; tho inner or sccrtjting surface 
being everywhere free, that is, unattached, wE.ilo tho outer surface is called tho 
surfiOio of attachment, because it is at cver>'‘ point united by coalescence with adjacent 
organs or parts. • • 

Desidcs tho peritoneum, or serous membrane of the abdomen, Ihe serous membranes 
of tho human body arc,— the pleura, forminjij^two snparulc*shut sacs within tlic chest ; tho 
pericardium, or scrolls mombiane of tho hcaii, often termed fibro-scrous, as having a 
fibrous layer in connexion with it j the serous xgembrone of the brain, the arachnoid mem- 
brane j tho serous mcmhrifiig of tho testicle, the tunica vaginalis ; to which may be added, 
tho synovicol membranes, or membranes of tho joints, and the bursal nambrancs, in which 
tho great tendons pla^^ 

* • ^ THE BLOofi IN BED-BLOODED ANIMALS. 

By A happy phrase fine blood has been described as “circulating flesh,” or chair 
roulant. It ranks with the fluids ; but tlio terra fluid in Physiology differs widely from 
its signification in Physics. Tho blood is water, containing a considcunblc portion of 
solid orgaiiio matter. Human blood is about five per cent, denser than water ; that is, 
human blood ia water charged with about five per cent, of organic solid matter. The 
heaviest part of the solid matter of tho blood consigts of what are termed red particles, cr 
the Vod corpuscles, and these it is possible to separate by filtration from tho remaining 
p|rt of the bloo^. To succeed in this exx>eriment, however, the blood of an animal must 
*be chosen, in which tho blood-corpuscles are considerably larger than in the human 
blodd. In tbe frog the blood-corpuscles are four times tho size of those in the blood of 
mammals. If, tben, the blood of a frog bo placed on a filter of common white filtering 
paper, a tr^sparent fluid passes through tho filter, and the I’cd particles remain on its 
upper surface. By this experiment tho blood is actually divided int» the two parts, to 
which, respectively, physiologists attach a particular vMue. In the l^guagc pf modem 
authoiSirs, tho portion which remains on the upper surface of the filter is the vosioular 
part; th|tt which passes through is tho “liquor sanguinis,” or blood plasma. Tho 
portion which passes throj|Lgh the filter, aftcT^ few minutes begins to coagulate. 
The coagulum,^o»iclot, gradually contacts with an exudation of watery fluid, by which 
it remains surrounded. Tho part wllicdi coagulates is flbrine; tho liquid part, or what 
is usually called the serum, being subjected to a temperature considerably short of 
that of foiling wa^ (160’ Fahrenheit), forms another coagulum, which is found to be 
albumetCoi* ’Roarly idcntilal with ^fhite of egg. The walery fluid which remains over is 
cailod sorosity. serosiSy ^contains aU the soluble salts of the bbod, and nothing else 

but a littlo aniiuid matter. • 

Such, th^'is a brief outline of the oonstitnents of tho blood; and even in the so- 
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cfdled white-blooded animals, tlm composition of the blood is very mucb the same, since 
tho absence of polour depends less on the total deprivation of rod particles, than on the 
small proportion of that constituent being present. 

We are now prepared better to understand wbat happens when blood is drawn from a 
vein in the human body. After a few minutes, blood so drawn assumes on the surface 
the appearance of a jelly, from which, after a time, drops of watery fluid hero and there 
begin to ooze out ; these drops become more and more numerous, an'^finaUy unite, so 
as to cover the jcUy-like surface with a layer of wateiy fluid. After a short time, tho 
clot, of which the jelly-like surface is the upper part, is so surrounded with the exuded 
watery fluict^ as to he entirely separated, in most eases, from the sides of tho vessel. Tho 
clot, however, does not always presojwe the same degree ot* consistence/ It is sometipiccr 
largx?, soft, and flabby ; at other times small and tirin, almost leathery. "It consists, os 
might be anticipated, Irom wliat has been already stab d, of the red particles and librine, 
or that substance which spontailcously coagulates when ti e blood of a frog has beem sub- 
jected to filtration. The coagulation, tlum, of the clot depends on the coagulation of the 
flbrino which it contains, and Hot at all on its remaining chief constituents, the colouiing 
corpuscles. When the clot is examined from top to bottom by a perpendicular section, it 
show^s, in moat cases, the red colouring matter diifuacd througbout, yet plainly in larger 
proportion at tho lowest part, to wrhich, owing to their greater weight, they gravitate 
before the coagula'H has acquired sufl&cicnt consistence to intercept their progress. Tho 
colouring matter near tho upper surface is usually of a more tetenso red colour than 
that below, owing, doubtless, to the action of the at|9osphcric aijr, by which tho dark 
colour of venous blood acquires the vermilion huo of arterial blood. In »vcry case the 
clot retains within it a portion of scrum, or of the watery T^ort 6f tho blood. When the 
flbrino coagulates more wcaMy than usual, a larger proportion this watery part is 
retained, giving to tho clot an* unusually soft and flabby consistenoo. Hence, without 
taking into account the degree of consistence of the clot, tho relative proportion of tho 
clot to the scrum cannot be estimated. Of two coses in which tho proportions are alike, 
tho clot will be largo in that in which tho coagulation is weaker, and small in 
that in which tho coagulation is sti’ongcr ; the apparent quantity of tho serum .being 
greater in the latter case, owing to the large proportion of it retained in tho clot. 
When tho clot is large, and at the same time very firm, the flbrino is bdth abundant and 
highly coagulablo. 

The surface of the clot is generally quite flat ; in other cases it is remarkably con- 
cav^, or cupped, as it is termed. And when it is cupped, it is most commonly covered 
with a more or le*s tliin layer of a yellowish opaque jelly, well known to physicians by 
the vatio;;^ names of size, huffy coat, and inflammatory crust. This yellow "Or buff-eolourcd 
layer on the surface of the clot, as its last-mentioned name indicates, is regm^ded by 
physicians as iharking an inflammatory state of the body in the person from whom ihe 
blood was drawn. This layer is composed of the Ahiino of tho blood, separated from the 
red particles on tho surface of tho ' blood just before thb clot fonjuk^ 1 The unusual 
tendency te separation between the ilbrinc and the aolouring particles, in oases where tho 
buff is to appear, may be discovered while the whole blood is ztiU fluid, by placing tl^o 
cup between the eye and tho light, when thin Aims, not unlike cul upon water, of a 
dark colour, will he seen £U>atu% on the suifaco of *tho Ifloodp These Aims plainly 
layeis of flbrine already soparated,^.thrQugh which, owing tc)i^eir tenuity, in most oases, 
the dark colour of tho venous blood shines. When t1^*buff is to be very thick^ these 
layers of flbrine on the surfhee of the stiU fluid blood, being opaque, exhibit their x^itural 
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yellow colout. At the same time that there is -thiiigreater tendency to a .separation 
Mwoen the red parUcles and the particles of fihrine, it has also been observed that the 
^red partioles liave^an unusually greot diq»osition to unite together in the form of rolls, 
like piles of coins. 

The** following table exhibits,- from recent authorities, the mean relative proportions 
of the several (^ief constituents of l^uman blood in the two sexes : — 



« 

Male. 

Female. 

A. 

Water . ,« 

.• . .779 

. 79] . 


' jEled particles* . 

. lil 

. 127 


' Albumen . 

. * . e!)-4 . 

. 70-5 


Fibrino . 

2-2 . 

2-2 

♦ 

Extractive matters and free suits . .IV8 

7.4 


Patty xnatturH . 

. ^ 1-6 . 

1-02 


I What particularly sinkes m on glancing at tho table, is the small pi'oportion of dbrine 
I and tho largo proportion of ^Ibiilhcn, notwithstanding that fibrin© appears to bo tho 
I nutrient constituent of which the most important solids of the body stand chiefly in 
need. Nay, the proportion of fibrine stated in the, table is even an exaggeration, since 
what arc termed tho colourless blood-corpuscles cannot he suflcientlf detached from tho 
fibrino. Tho large fhoportion of red corpuscles also creates surprise, .since these enr- 
puflclCs ore not^eclly«oncom(jll^^3 far as is known, in tho nutrition of th(5 solids. By 
far tlio most kbxmdant scj^d in mammals, Idee tnan, is the muscular flesh. Tliis muscular 
! fresh is almost entirely madoeip of fibrino, identical, or nearly identical, with that whieli 
exists, however sparingly, in the blood. Further, when the animal body is much 
exercised, tho muscular tissue is that which must require the greatest amount of repair ; 
since it plainly appears that every living act is attended with a chemical dccompo.«ition 
and coi^quent waste in tho organ concerned. It is impossible, then, to suppo.se that the 
small p^r^ridon of fibrino existing in the blood should bo the source of repair to tho 
tntUbcular system. The proportion of fibrine in the blood is no more than one-fifth per 
cent. ; so that,^ tho whole blood of the body bo estimated at twenty-five pounds, the 
quantity of fibrine will bo tho ono-twentieth of a pound, or something more than ^five 
draqhms. It will hardly he ir^aintaincd that small proportion of fibrine in tho blood 
arises from its unceasing exhaustion by the mtrition of tho muscular tissue, forswore 
;this the case, fibrino would ino^i^^c enormously in the hlood, after a few days’ complete 
.repose from jsmsoalar action. ■ 

Is it prohoole, then, that the albumen of the blood tupplics tho wq^te of thf muscular 
tissuc^by passing into fibrine, when it is attracted from the liquor sanguinis into that 
. disue ? Ip* thiBF supposition there is no difficulty. Wo have seen that ilhumon is veiy 
•'nearly identical with fibrinj in ultimate compositjpn ; and it is certain that the egg, out 
jfot which the is developed, — ^that is to say, fibrinous flesh as well as blood, mem- 
braua, and boxp^-^^nsists of nothing but albumen, a little oil,^and some saline matter. 
0£ albumm there is about seven per cent, in the human blood, or in the mass of the efr 
GUlaii^ blood tlmre is something less than two pounds of albumen. Even this quantity . 
I wiH not^mffioe to 8Upply*tho wast^of muscular tissuh long, not to speak of the othei 
demands upon without ^ing contiimBlly renewed by the addition of the products of 
.ffigesfion. ; t 

As ihe pro^oltvm of fihrine in the hlood is not found to diminish under deficiency of 
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food, it has boon conjectured that tho result rather of the decomposition of the blood 
itself, or of some of the tissues, than that it is designed to sustaiii any share in nutrition. 
But tills view is not yet sufficiently matured to permit of being dwlt upon in this 
place. 

Th(' whole subject of the red corpuscles of the blood still presents grOat diffi- 
culties. Many observations have been made upon these bodies throughout the animiil 
kingdom; but the exact use which they serve in the living frame is J'tSl a problem. 
These corpuscles constitute about 1 4 per cent, of tbc whole piass of fiuman blood, or 
there is about twice as much by w'jight r-if the red corpiipcles in the blood as there is I 
of albumen, and seventy times as much as there is of fibrinc., , 

A^Ticn a drop of human blood is pla^kfid under the microscope, nothing byt an opnqne 
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BETl COBS'T'SCLESrnOM 1I<?MAN 

BLooii, inatrniflod 400 dia- 
mctcra—q/lrw Todd and 
Jioirman. 

17, \icwed on the surface; r, 
in profile; 6, aggregation 
of corpuscles hi a roll. 



HKD CORPpSCLKS 07 THE OX, 

inngnHlcd 400 diameter — 
after Todd and Bomamu 
a, in their natural stale; h, 
altered by u menstruum 0 %^ 
higher density. ' 


ihcD COXIPUSCLES 07 TUK riClKOX, 

magnified 400 diameters — 
a/Tcrdlbdd and Bowman, 
a, unaltered, with two or three 
colourless particles : 6, treated 
with acetic acid, which more 
cjparly derelopos the cell- 
*^> M'all and nucleus. 


mass is siien, owing to the crowded state of tho fluid with rod corpuscles ; hut when the 
drop is diluted with a weak solution of salt or of sugar, each I'oipusclc is scon detached 
from the rest. Tho fluid used to . , ^ 

dilute the drop^of blood must be, as 
Hwil nearly as po.s.siblc, of tho same |M) ^ 

^ xlPily ^ gravity a.s the scrum of the ' ' flB 

blood ; if plain water is employed, i • ^ 

HKD coRpusct.E XN I'TSTTEs— tho Tcd corpusclcg^BWcll ttud burst. a 

«=on.««elo and flat, ^ L ® ■ 

like a piece of money ; or, to spejji^ ]}* 

more correctly, caejb. corpuscle has the form of a double * 

concave le^s, the margin being th^jk and rounded, and tlic 
f ontre considerably fliinncr : llicir size in tho human body hed coepusclhs or 
varies from tho »throo thousandth to tho four thousandth M)^"^thrse 

part of an inch in diameter. In mammals generally the nucleated ceils, * 
blood-corpuscles arc similar in figure lo those in man; bul there bk"*' oojksfderablc 
variety of size in different tribes of these animals. TJiey arc small i^Mto^onts,' in tht* 
Napu mu^-deer being no more than the twelve-thousandth part of aiS^bh in aia^:'terl. 
In tho camel tribe, instead of being round, they are oval, as thc}|arc in birds, reptiles, 
and fishes. In reptiles the bloodseorpuscles attain a hu^e size. ♦ 

.In the fiog, the red corpuscles consist of a dcHcate mombiiiiie fonning a coll, within 
which is a granular wicleus. The nucleus is globular, a:^much smaller^ tlian tho bell; 
and the space between tho inner surface of tho cell and the outer surface of the nucleus 
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after Wharton Jones. , 
a, three graiflile cells three 
nucleated cells, ^ I 
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is £Ilcd by fluid, bolding the colouring mailer in^lutlon. The nucleus cannot be de- 
tected in mo red corpuscles of the human body, 
ijilj. • hut analogy suggests that its structure must bo 

c lllll general character as in the ani- 

® ^ h'V ^ mala, in wliich these corpuscles arc of larger 


^ question has arisen, whether what have 
teriiii'd the colourless corpuscles of the 
^ ^ hlotid be a distinct set of bodies, or merely the 
f *cori>iiSclca in a less developed slate. The 
colourless corpuscles arc spherical bodies, dea- 
1ituto*of colour; tlicy are cells composed of 

D;ooi.«,™..,«,.TH«*r«««,m«snili<.d- 10 fl ‘ membrane, and the celU arc 

nftci’ Tiuhl anti Mou man, nacloutcd. ^Iic addition of weak acetic acid 

ff, in Bcnini fully flevelojjed; *, treated Sritli rcintlcrs the ccll-inembranc, tlic nucleus, and 
acetic acid: e, colourlcsa corpuscle. i i i* i . 

• ^ the nucli'Olua more distinct, by dissolving some 

granules contained witliin ^bo ocUs. The (*olouilcss corpuscles slightly exceed the size 

of the red corpuscles in niommala, hut n^t in ^ 

the other vertebrata. • They are thought to be 

essentially the same as the nucleated particles * VL 

found in lymph, And in the chyle. They are 

fewer in number Jjhan the ca^rired corpuscles, - 

being, it i» Biid, in the proportion of one to fifty. or the inn..» ELOoiMJoapvKL*.- 

In inflammatory state! of ^e blood they become Tr7iarto» Jonrs, 

more abundant; aid, after groat loss of blood, panule cells in the coarsely and finely 

Miwxw »xvi, ±uoH ui uAuou, jeraiuilatcd stato ; c ontl nucloatccl colls ; 

the proportion of these coloui'lcss coipusdus is c, without colour, and d, with colour ; e, free 
groatiy increased. Without entering upon the corpuscle, 

difficult question, what is tlic relation between these colourless corpuscles and the red 
corpuscles, it will be sufficient to say, in the n^cantime, that tho weight of authority is 
id favour of these two kinds of corpuscles being identical in species, that is, merely dif- 
ferent stages of one organism. 

According to this view, then, to quote a passage from Todd and Bowman’s Phi/sio- 
‘^ogy : — “ In tho earliest xicriods of festal life, tho blood-corpuscles, as is shown *hy the 
roiroarches of Vogt, KoUiker, and Cramer, Wginate in the same way as the elements of 
the tissues, fi^om nucleate^ cells, which aro the some, in point of coustltutiofl, as the 
Golourlcfe corpuselos ; with this exerption, that they contain, bctjvecn tlic nucleus and 
cell, a con^derablo number of granules, which ave largest at tho eaiiiest periods of 
embryonic life. At later periods simihir nucleated cells are gen&ated in tho Hver, as 
flrst |»ointcd out hy Weber, and from these sources supplied to the blood. In t h i s 
fluid tlicy undergo a transfomiation into tlie cjinplctoly formed blood-corpuscles, by the 
removal of th^ .granules, the increased development of ie nucleus, and the generation of 
colouring excepting in th^mammiferous corpusclos, whose ultimate change seems 

‘ to gonsist in the complete absoT^ition of the nucleus, according to KoUikor, or the removal 
of Sin wall of the call, according to Wharton Jones. 

as there cfla be no doubt that, in the adult?, the lymphatic and chyliferous sys- 
tems afRird a source constant development of particles identical wi^ the colour- 

IfiA'CoirpuacIfls, and as sucli gorpuscles sre always found in considerable proportion in the 
blood (being itoots oaiiEBeious under ciroftanstanoes un&vourable to normal changes^ as in 



WASTE AND REPAIR OF THE BODY. 


HO 


inflammations), it seems very reas(gj|^blo to infer that similar transformations of colour- 
less into coloured particles are going on in the adult as in the embryo, and that the lym- 
phatic and lacteal systems must be at least one, and tliat a fertile source, ,from which red 
- corpuscles are being cofttinually supplied to the blood.** — Pp. 302-3. 

There is no foundation for the idea that each blood-corpuscle gives origin by a 
apeeies of reproduction to new blood-(;orpiisclcs. The blood-cor]:)usclcR probably decay by 
simple solution, though it docs not yet clearly appear ^ bat substenco in f}jd blood, or in 
the body, residts from their decomposition. The various colouring milttcrs through- 
out tlie body have their origin, as is probable, from the colouring matter of tho 
blood. * ^ 

It is not unreasonable to suppose tJiat the red corpuscles arc floating* gland-cells, as 
they are, in all essential points of stnicture, like the secreting cells of true glands. Their 
secretion is hicmatino ; that is to say, not merely Hjc colouring matter, but tho entire con- 
tents of the blood-corpuBclcs, of ^bieh iron is probably an essential part, since even the 
blood of the invertebrate animals contains a sensible (quantity of iron, and that when no 
colour is distinguishable. ^ ^ 

Liebig’s idea as regards the important function pcrfom^cd by the red particles, by 
means of tlie iron wbieli they contain, must spoken of when we come to the function 
of respiration. ^ ’ 

Salts of the Bleed.— With respecl to the saline matters of the blood, the .analysis 
we have given makes the proportion, estimated together with that of scxfractivo matters, 
no more than about eight parts in the thousand, or |ftfncwbat lesf^ than one per cent. 
But, according to other analyses, this part of the blood amounts to more tiiaa one and a 
half per cent. The principal salts of the blood arc the albumipatc'of soda ; other alkaline 
salts, as the carbonate, pbosxdiato, and sulphate of soda, and tlie tbloridc of sodium ; 
earthy and metsdlic salts, as the phosphate of lime, the phosphate of magnesia, the phos- 
phate of iron, the carbonates of lime and magnesia, and tho peroxide of iron. In the 
muscul.'ir flesh, which constitutes tho chief bulk of the living frame, and that, as before 
stated, which, from its activity, Eequires ^he most frequent repair, there is a considerably 
less proportion of saline mattoifcan in tho blood. Whence it may he inferred that, by- 
the products of digestion, a larger amount of saline matter is thrown into the blood than 
is rcqjuirod for Ihe nutrition of tho chief solids ; and therefore, that a grc*at part, of the 
saline matter given off from the blood by the kidney, is merely the excess of what has 
boon roceived by the blood during digestioii, and that it has never entered into tho con- 
stitution of the living frame. 

Some of the salts of tho blood ore essential to the secretions, posTticuIarly t6 tho bile 
and to the gfistric jui^c. • ^ 

Waste and Sepais. — ^Tho continual waste of tho constituents of the blood is%iip- 
pUed by the products into which tho food received into tho stomach is converted. To- 
gether fiith tho products of digestion, tlie contents of the lymphatic vessels, originating 
in almost every part of the living frame, arc poured from iho thoracic dj^ct into tho cir- 
culating system. Perfect chyle is collected from the small organs existing abundantly in 
the folds of the mesentery, termed mesenteric glands (see page 37), by vessels which 
gradually unite into a single trunk, by the union of which with tho lymphatic trunks, from 
the pelvis and lower extremities, the thoracic duct, as abeady hasdiccn shown, is farmed. 
The same general plan pervades the whole of the vertebrate di^ion of the animal king- 
dom ; that is, there is a lymphatic system of vessels pGrv|cCizig the body at large, afld a 
chyiiferous system of vessels originating in the mtestaBes, both of whi^ systems unitd 
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in a common trunlc, wliich oommunicatea directlj^with the sanguiferous system. In 
birds, reptiles, and dshes, however, there arc no mesenteric glands. Although it cannot 
be doubted that important changes take place on such products of digestion as are taken 
up by the lacteals within the meacntcric glands, it is plain, fronf the fact just stated, that 
these organs are not essential to the formation of perfect chyle ; that is to say, a chyle 
I>erfectly capable of imparting tho required nutritive properties to the blood. One ro- 
markable dflfcrenco exists between tho chyle in mammals, and that in the three remain- 
ing divi.sioi.s*of tho vprtebrata ; namely, that in the former it is an opaque fluid, and 
throiigliout tiio latter quite tijmsparent. ^ ^ ^ 

tymph.— There is cqjitaincd in the lymphatics, and aho in the lacteals, when diges- 
tion is nof going on, the transparent and almo|t colomdess fluid termed lymph. In this | 
lymph there are a number of colourless nucleated cells, which seem, as before hinted at, I 
tb be identical with the colourless corpuscles of the blood. In the chyle the same cor- I 
puacles arc found ; but, irf addition to these, tlicre is what has been termed the molecular 
base, a finely granular matter, which varies with the amount of fatty matter in the food. 
To tlio presence of Jhis molecular haso«the milky colr)ur of the chyle is said to ho due. 
To the absence or deficiency of this substance is to be ascribed the transparency of the 
chyle in birds, reptiles, and fishes. If a dog be fed on food from which fat has been care- 
fully excluded, the ch^lp is not milky, hut wheij-like or transpaient. 

The molecular baso is present in the chyle collected at the vc«y origin of tho lacteals 
in tlio intestinal ^anal. Both lymph and chyle, when taken from the vessels, undergo 
Bpontaueoiis^coagrJation. coagulation depends on the presence of liquid fihrinc, as 

in tho hlfj'od ; whilc^tho coagulability hears a close relation to that of the blood in the 
same animal. Tlio seruiw of tlic lymph is an albuminous fluid. Saline matters of tlio 
same kind as exfst in the blood are found in the serum of the lymph ; there is also a 
trace of fatty matter and of iron. ITio coagulation of tlic chyle depends also on the pre- 
sence of fihrinc ; and tho scrum of the chyle contains more albumen and more fat ^an 
the scrum of the lymph. 

Thus, lymiih differs from blood, in haviug no re^orpuscles, and having a less ]>ro- 
^>ortion of albumen and fibrine. Chyle differs from M>od in tlie same respects, and also 
in containing a largo proportion of fat, which may amount, it is said, to as much as one 
and a half per cent. Chyle difiers from lymph in containing moi'C albumen and much 
more fat. Of the fitness of the chyle, derived from tho process of digestion, to sustain 
tho nutritive properties of the blood, we have to speak hereafter. One point of difficulty 
arises, to explain ^vhat becomes of the large proportion of fatty matter which it contains. 
Fat is not ^ protein© compound ; it cannot pass into fibrine, albunien, or casoine— it i.-s a 
non-aaotised principle ; but though incapable of ©onlributing to the repajr of the more 
important textures, it is quite capable of supporting animal tomperature by tho process of 
slow ^combustion, termed cremacausis. It seems probable, then, tliat the superfluity of 
fatty matter supplied bjr the chyle to the bloo^ is burnt off in the process of respiration, 
so os essentially to maintain the animal temperature. 

What, then, is tho use of the ly mph which is poured so abimdantly into the blood from 
the thoracic duct ? As tho lymph contains so many of the constituents of healthy blood, 
it is impossibh* to doubt that the addition of the lymph is a source of repair to the blood; 
but tJ!b question rem£ns, Whatsis the source of the lymph ? By far tho most probable 
supposition is, that thejlymph of tho lymphatic S3r3t(;m iynothing more than the residue 
ortho liquor Muguinis after^jthe repair of tho textures. The lymph is blood, deprived of 
the wliola ^'the colouxing coipuaolcs, and of part of its albumen and fibrine. The liquor 
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aangnmiH, or blood without the colouring corpuscles, exudes through the walls of the 
capillaries, and comes into contact with the ultimate morphological oonstitiionts of the 
tissues, which attract iium it what is necessary for their repair ; while, by the lymphatics, 
which are, in fact, a system of veins subsidiary to the red veins, the residue is conveyed 
to the thoracic duct, to be again mingled with the blood. 

From the view now exhibited of the composition of the solids, of the blood, and of the 

lymph and chyle, we obtain ^he moans of 
judging of the important plaoa held by the 
blood in the animal economy. Thecircula- 
tion — ^wonderful os it seems when considered 
merely in itself— is yet wholly bhbordinatc in 
importance to the physiological constitution 
of the blood. It is mechanical process, 
.subservient, in e(»rtain classes of animals, to 
tlic uses of the blood ; but the real w'onder 
in physiologj' is the blood itself— its power 
of repairing the ^aste of tho solids — ^and of 
repairing itself, at tho expense of tho food, 
through the medium cf absorption. A brief 
notice, hov/ever, of tlio mechanism of the 
circulation, in the several orders of animals, 
must not be jtjioittcd. 

Tho annexed diagrams of Iho circu- 
lating appaiatus ^f man, after Carpenter, 
W’iU enable ^us better te understand the 
details which follow. Tho heart, situated 
between the lungs, in the cavity of the chest, 
is somew'^hat conical. Tho lower end is quito 
unattached, and points towards the left; 
during contraction it is tilted foTW’ai*ds,- 
striking the chest between the fifth and 
sixth ribs, and causing the ‘^beat pf the 
heart ; ” while the great vessels, rising from 
ihe upper and largo extremity, being at- 
tached to neighbouring parts, seem to sus- 
pend tho organ, and to allow its molrcmcnts 
freely to take place. The hcorf'in man is 
a hoUow muscle, divided into four cavii;2cs, 
two on cither side — ^tho uppc'* qf which is 
termed the auricle, the lower tho *von- 
a. rialit ouricle ; 6, right ventride ; c, left veu- tricle — thewallsof ^clatter having, by their 
tCTiw; contracticn, to propel the blood through a 

*, flubdariaxt veins ; A, tradiea ; I, lungs ; m, left system of vesBcls, beins thicker than those 
aarlolo; n, palmonary veins ; o, pulmonary arte- ,, 1 ^ . 

ries ; », superior and inferior vena cava ; q, tri- of .the auncles, which have only to receive 
cuspid valve; r, mitral valve ; », partition. ^ fi am the vt*In8, and transmit it to 

the Tentrioles. The circulation of the blood, then, is that by which tho fluids 

setting out from the left ventricle of the heart, is distribol^ by the arteries to ovdey 
part of the body, from whence it passes into the veins, is xeceiTed from them into the vena 
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CIRCULATION IN THE FiETUS. 


cava, ^(dieiuie it netuTUB to the heart, entering the r^jit auricle^ and passing into the ven« 
trioIA on the aamie side, which propels it into the pulmonary artery, to be distributed 
• through the lungs for puriRcatlon. Thenee it passes, by 

t thc pulmonary Toins, into the It ft auricle, which trans- 
mits it again to the left ventriolc, to repeat the couiso 
wc hare described. 

• The circulation in the fcotus is conducted in a some- 
what difTercnt manner. Commencing with the placenta, 
where the blood undergoes some change, analogous 
to that in t£e limgs of extra-utorino life, it is convoyed 
by the umbilical vein to the liver, and to the inferior 
vena cava v^lserc it mixes with thathionght fiom the 
lower extremities, and is carried direotdy.tfaraagh the 
right auricle into th% left aurido by the ftemen ovale, 
which, until birth, remains open, fbnning a direct com- 
munic||:ion between the two Boriedeg; a portion only 
passes from the right auricle into the ventricle, 
which contracting, the bleod is sent into the pulmonary 
arteries ; but rc8|^tion not going on, the greater por- 
tion of the btood passes^ directly through the ductus 
arteriosus into the aorta. The small portion of blood 
^ received by the left auricle fiom the lungs, aa well as 
tlie greater portion passed through the foramen ovale, is 
transmitted into the loft ventricle ; by the contraction 
I of which it is sent into the aorta, and by means of the 
umbilical arteries, which arise in the lower pait of ' 
the abdomen, it is again returned to the placenta. It 
^ is a wonderful provision of nature, that, in the foetus, 

where the luqgs ore not called into play, and arc nearly 
• golid and impervious, means should be provided ti) 

«f, placenta ; ft,, umbilical cord, con- turn from them the great CUStent of the blood— the 

toining ar^Tv ai^ vein; o,hepa- /vrholo of which, afterbirth, must pass-through them, 
tie Tcijw; rf, inferior cava; <f, ri^ht i . 

auricle ; /, left ventricle ; ductus and to supply them merely with smm^a quantity as is 
arterioBus; A, aorta. necessary for their nutrition. 

In tl^ first two great divisions of vertebrate animals, ma Tninah iiaJdt "birds, the Circula- 
tion of the liijtood, with a few unimportant peculiarities, is performedion one plan. Of this 
plam the most characteristic feature is, that the particular circulatioxL through the lungs 
stan^ on tho some footing os the general circulation over the rest of the body. It follow's, 
from thi<^ cotidltion, that no blood-corpuscle can circulate over tho body more than once 
without , having prcviousjy circulated through Jtho lungs* The circulation, as it takes 
-place in xnamniitls and bird^, is conveniently' methodised under the two heads of tho cir- 
joulation of the dark-colourcd bloodf and tho circulation of the red-coloured blood. The 
Wood M properly described as appearing first in the venous capillaries, at 
evoty vascular point throughout the body. The organs, then, or cavities in whidi the 
datk.lllbod is c^tainA and m^ves, sta^ in their proper order of gueoessioii, are the 
vmiottB capillaries over tlfb ]mdy, ramificationa of the veins, the venous trunks, tfio right 
caniies of heart, namely the right auricle and the right ventiido, ^.pul monaiy 
, vessel and ' the corresponding capUlaries* In like, mmifier, 
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I the ted*coloured blood is properly described as appearing first in the capiUarios of the 
ipulmonaiy veins ; and the organs or^avities in which the red*oolourod blood is contained 
and moves, stated in their proper order, ai*c <ho 
i capillaries of the pnlmopary veins, the ramifica- 
! tions of the pulmonary veins, the trunks of the 
■ pulmonary veins, the left cavities of the heart — 

: namely, the left auricle and the loft ventricle — 

I the aorta., or great trunk of the arterial system, 

I the branches of the aorta, and the arterial capil- 
ilarios. Those fvro separate systems *comirftini- 
cate, on tlie one hand, where the capillaries of the 
veins of the body join with the cnpillarieii<|fthe 
aortic system ; and, on the other hand, where the 
capillaries of the pulmonary veins join with the 
capillaries of the pulmonary arte^ 5 ^ The right 
and left sides of the heart, though in juxtaposi- 
tion, are wholly distinct organs, and cacli heart* 
is placed in the middle of its own system ; the 
right being situated in the middle between tlie 
veins of the body and the pulmonary ai1:ift*j', and 
the left heart, between the system of the pul- 
monary veins and the system of the aorta. 

The forces by which the blood is moved in 
the circulation are chiefly, if not exclusively, 
mechanical — ^tho only force of much efficiency being the contraction of«the cavities of the 

heart by a muscular effort, as the blood suc- 
cessively enters each ; while valves ai’e so 
placed as to permit its movement onwards, 
except in the proper direction only. 

The plan of the circulation in the reptilij; 
is somewhat different; and, though ennaider- 
able varieties occur in the sevefal orders of 
this class, one expression may be obtained to 
represent it tbroiighout. Contrary to what 
is providt'd for in mammals and birds, a blood- 
coipusclc may circulate more than once over 
the body -without passing throughHhe lungs. 
The pulmonary artery and the aorta 
from one ventricle, that is, from the only 
ventricle, BO that part of the blood derived 
from the ventricle jfesses through the lungs, 
and part is^ sent for general circulation over 
the body. This ventricle receives its blood 
partly from a syptemio, partly from a pul- 
monic auriejp — ^that' to say, part jjf the 

blood is dark coloured, and has reached the 


PLAN OF nor CLP. OR WARM-BLOODED CZUCr- 
i.ATiON — aft^r Roget^ 

A, aorta; IJ. system of arteries ; C, vena cava. 
D, rigUtc.Juricle; K, riyht ventricle; P, pul- 
monary artery ; H, liingB ; 1, ^pulmonary 
veins ; K, left auij^clc ; L, left vcutriclc. 
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Showing- its cavities, and tendinous and fleshy 
cords. The course of the pure bloo^ through 
the left side of the heart is marked by arrows. 


systemic auricle by the common veins of the body ; the atMr part of the blood, is 
' red cedoured, and has reached the pulmonic auricle from Ae pulmonary veins. Thus 
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Oio cidy organs whioli contain xod-coloiued blood in tlie reptilia, are the pulmonary 
veins and the pulmonic auricle, ‘ndxile there are two (tthor kinds of blood in the body, 
— namely, the proper dark-coloured blood contained int^ 

8 veins of the body and tho systemic auricle ; and the mixture 
of dark and rod-coloarcd blood drst made in tho single y^- 
triclc, and proceeding from it both to the pulmonary artery 
I and to the aorta. 

' In fishes, tlic circulation of the blood jjiesents a singular 
• peculiarity. There is but a single . v 
lieaft present — that is, if heart 
<^nsisting of only two cavities, 
t namely, an auricle a ventricle, /fxV 

and those cavities correspond, not U jU^ 

^ the left or systemic hcagt of te'ki’ V/#y 

mammals and birds, but to their 
right or pulmonic heart. It is to 4 

be remembered that, in fishes, 'A 

tffo gills take tho place of lungs. \\ 

Provision is made, in fishes as flK \& 

• in mammals, that no Wood-cbr- ® \1 ] 

^ pusdes shall circulate more than ^ y \ 

' ciacuLATioN IN TIT® DATXACiiiA once over tho body without pro- | [|V 
3S, Tentrlcl2^r2S?ido. Tl.. 

aorta and pulmonary ar|^ry spiratory organs. Also, in fishes IV\X:::^V /ff ‘x 

tUo head and neck, and unit- tho dark-colourcd and tho red- 

A.^bertcsoendlnRnorta. The The cavities con- ciiiculation in fishks. 

bUtod is returned by the ven, taining tlie dark-colourcd blood n auricle : C, ventricle : F, bran- 
otts trunk* to the auncle, D. capillaries of the cbial artery conveyi ns the blood 

, . X 1 • uv X -x- J* -xi *1 to too gills, G H, where, 

bydy, the venous trunks, tho two cavities of •the single being aerated, it is carried by 

heart, the branoliial artciy, its ramifications and capillaries. ^{SteuntoaSiigleSun^ Zp'ei 
Tho cavities Oltiitainiug the rcd-colourcd blood are branchial forming the office of an aorta, 
venous capillaries, the braurhoa formed from them, and tho beart^by^ie%ewi”cava V 
trunk formed in the next succession from them, which is tho ’ 

aorta, or proper artery of the whole body ; lastly, its branches and their capjUerics. 
Thus th<k peculiarity in fishes is, tliat tho dark blood is sent by tbe single heart to the 
gills for purification ; and, being rc-collectcd foom the gills by capillaries and branches 
I coiTijsponding to the capillaries and branches of {hilmonary veils in mammals and 
birds, passes at once into a trunk which, without returning to the heart, is distributed 
over the body like the aorta in tho two warm-blooded vertebrated classes. This trunk, 
formed from the branchial venous branches,* may be regarded as representing, at 
once, the pulmftiaiy vein and the aorta. 

With respect to the circulationSf the blood in tho inferior classes ofihe animal king- 
doi% it will be sufficient to select a few examples, as wo shall next proceed to do, 
attempt^ to ^xhaust the whole subject witl^ the narrow limits to which this 
treatise must bo confined. * 
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Among tlie ffio cixculatioii of tbo blood in the cuttle-fish has a remarkably 

perfect dhoracter. In this animal \here are three separate hearts at some distance from 
each other. Each of these, however, has only one cavity. In short, ea^ of the three 
is a single ventricle. cuttle-fish breathes by gills. Thefb are only two kinds of 
blood, ^ dark-coloured blood and the red-colouxed blood. The organa which contain 
the dfurk-coloured blood are the veins of the 
^ody, and the two trunks which they form > 
the two separate hearts, subservient to the 
circulation respectively of the two gills ; the 
two brancbiaf arteries and their ibmificti<- 
tions. The organs which contain the red- f 
coloured blood are the ramifications andf the 
trunks of the two systems of branchial veins, 
and the systemic heart, or ventriclo| in which 
these two systems terminate ; also the aortic 
system arising from the systemic heart. The 
middle, or systemic heart, transmits the red- * 
coloured blood by the aorta and its rami- 
fications all over the body ; the blood, having* cihcwlatiok w 191B cuttlb-fmh— • 

become dark-coloured, is carried from thC ter- , • , ^ter 

in i-aaiicw loxc tci lateral or branchial hearts, ConTeylng the 

minations of the aortic system by the veins blood to the gills whence it is returned to 

of the body in two portions to each of the systemic 

two lateral or pulmonic hearts ; from each ^ • * * 

lateral heart the blood is propelled to the gills of one side, wli^ncc^ having become red- 

coloured, it is carried again to the middle systemic ventricle. • 

Among tho Crustaceans, the circulation of tho lobster has been particularly stu- 
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died. In it 
the heart has a 
single cavity or 
ventricle; and- 
from this heart 
several . large 
arteries arc de- 
rived, by which 
the Wood is 
conveydfl to all 
parts* of tlic 
body; but frem 
or^ of these 
arterial trunks 
hxpnches 


0 , heart; 5 and e, arteries of eyes and antennm ; hepatic artery ; e and /, 
arteries of thorax and abdomen; gg^ great yenous sinus ; A A, the gills; 
if branchial veins. « o 

given which proceed to the gills. The blood is., brought back frrom the several 
parts of the body by proper veins, and from tho gills by branchial veins, and the 
blood firom those two sources mingles in a common cavity, or sinus, before it re-enters 
the eingle ventricle, to be again sent forth. ' Thus in^ the lobster there are three 


kinds of Mood,— the red-ooloured blood, dark-coloured blood, ^and the blood com- 
posed of the dark and red Wood mixed together. The red-cdloujed blood is contained 
only in the system of the branchial veins ; the dark-eoloure^blood is contained only in 
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CIRCULATION IN SPIDERS AND INSECTS. 


the TWDB of Hio body; the mixed blood in the venous sinus, or sinuses, whore the 
two kinds mingle before entering the heart. This n^ed blood is contained in the hea£t 
and in the arterial or aortic system, and also in the branchial 
Arteries sent off irom the aortic system. • 

In the spiders with pulmonary cavities — ^that is, with pul- 
iiiouaiy organs limited to one pai*t of the body — ^t^ere is a^ 
a elongated doraal vessel, which gives off arteries and receives 
the tiMminations of veins ; the action of which seems to bo to 
(hive Uio blood at once to the several of the body, and also 

to tfio pulmonary or^n. 'fhe purified blood from*the pulmonary 
organ must mingle with the blood rotujpiug from the several 
parts of the body ih 6pon spaces, or sinuses, whence, by the 
bnmchio-cardiac vessels or veins, it reaches tlic dorsal heart, 
t In insects, tho circ\ilati«n of the blood proceeds on a plan 
altogctlicr peculiar. There is a large dorsal blood-vessel, or heart, 
provided with apertures and valves, and capable of contraction, 
raniifications, — ^in short, in insects there is a heart, 
a, the abdomen; <12, large ’lo blood-vcsjels ; and since tho air, by tho air-tubes cx- 
. . 1 tending from tho surface, has access to all parts of the body, 

tluiro is only one kiifd of blood, namely, the aitoial. The 
(lorsal hcail extends nearly the whole length of the insect’s 
ho(%’^ it is open at the anterior extremity, and by this open 
part the d)lbod issues to diffuse itself over eveiy part of the body. The contractions 
of this vessel, or hAut,^bcgin at the x^ostcrior x^urt, ai*o propagated fora'oi'ds, so that 
the contained fkiid is pushed fr'om the tail towards the head. Within the vessel 



dorml vcmel, or heuV ; 
(!, trunk pasalng to head p 
A, Teasels communient. 
ing with rcspii-at^ry or- 
gan. 
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the great dorsal vessel. 

are .'^vns, by whic^ it is divided into compartments, so placed that the fluid can 
*^088 forwards, but not ih^m before backwards. The several compartmentB commu*' 
ideate on ' eoc^ side by lateral dits with the cavity of the belly, and those slits ore 
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provided with valves, so that can enter fhnn the belly, Imt cannot again isBoe 
from the vessel otherwiso by the opening in front. The nutritive fluid prepared 
in the intestine percolates through its walls, and mmglos with the blojd diffused over 
the body from the anterior openings of the heart; and this mizturo of blood and the 
product of digestion passes into the heart by the lateral openings. 

1 In silme of the Radiata a circulation of the blood is admitted ; but in this part of 
; Physiology there arc too many points of controversy to accommodate it ti/our limits. 

Cm the &enowatton of the Blood by Chyle end, the othn Fzodi&ote 
I of Bigestion. — As the blood is unceasingly drawn upoi^ for the repair of the constant 
waste of the *solids and fluids of the body, there is a clea|^ necessity for its continual 
renovation. Of this renovation the most obvious source is the supply pffbrdod of 
lymph and the products of digestion, chiefly by the thoracic duct, which, os wo have 
seen, communicates with the venous system at the upper part t£ the chest, on the left 
j side. • 

I The most probable opinion os to the origin of tlic l 3 rmph is, as wo have scon, that 
I it is the r()Biduc of the liquor sanguinis, i*etux|ied after nutrition ,^m all parts of the 
! body to be again mingled with the torrent of the circulation. But whatever its real 
j origin, it must be, in any event,-derived wbpUy from the blood, so that it cannot be set 
' down as an independent source of renovation to that fluid. Tlpd chyle, however^ docs 
I unquestionably contain matter wbieff is independent of the blood, as never having 
{ formed any part of that fluid. The chyle is indeed the only distinct organic fluid 
! bearing that character. It cannot, however, bo uod ^at the chyle consists 
] wholly of materials derived from without, and that no part of its constitutioA has been 
drawn from the blood. It may bo regarded, on just grouids,^ 'as a general rule of 
I organic nature, that the nourishing matter obtained from without docs not become 
fit to be incorporated with the living solids, until it has united itself with materials 
prepared within the organism, and derived from the proper substance of the living 
agent. 

! We have already traced the chyle to^ the food which is received into the stomach, 
j In the healthy body that food xmdorgoos a complete transmutation ; and imtil lately* 
I it has been universally believed that the chyle and the feculent mattcf discharged 
! from the lower bowel are the solo products of that transmutation. Doubts have 
j orison, on grounds to be stated presently, whether tlie chyle and the fieccs ore the sole 
products of the transmutation of the food in digestion. It is certain, however, that 
j these »ro at least principal products of that process. However this may be, it is to be 
romarired that the fqod is not exclusively the material which undergoes transmutation. 
The chyle and the jEisecos arc the jyjsult, whether exclusively or together with other 
products oAhe tranihiutation, of a mass, consistiug of the food, mingled with sevef nl 
remarkable organic agents derived from the blood, such os the saliva, the gastric juice, 
or the proper secretion of the stomach ; the bile, the proper secretion of tho Uvor ; and 
the pancreatic liquor, tho proper Bccretio& of the sweetbread. • 

If tho food bo exclusively divided between the cjiyle and tho fbces, whatever of 
the mass of food which does not find its way into the feculent discharge, must enter 
into the constitution of the chyle. Thus, from the character of the feculent 
some notion may bo gained of the relation subsisting between the Ibod and the chyi&. 

By *^'’eight the feculent maa g discharged in twenty*four hiy;irs equals nearly one* 
sii^th part of tho average daily quantity of food. The ^dlid part of the discharge 
amounts to about twenty-seven per cent, of the whole, the rest being water, namely, 
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8eTent7»1ihree per cent. , The twenty-seven per cent.,of solid matter may be distributed 
SB follows : — ^Insoluble matters derived £rom the food, seven per cent. , insoluble matters 
derived from the bowels, liver, &c., fourteen per cent. ; soluble matters, consisting of 
bile, albumen, extractive, and salts, six per cent ' 

Thus, in the feeces,' the nutritive proximate elements of organic matter, ^ already 
refeiTed to, have almost entirely disappeared ; there being nothing of that description 
in that aocotint, except less than one per cent, of albumen, while the average amount 
of nutritive letter in (he aubstanoe of a meal can hardly be estimated at lesrf than 
fifteen per cent. Two impor^nt facts here {Jpserve^ particular remark, — ^the small pro- 
portion borne, by the fneeg in weight to the average amount of food, and the minute 
proportioiv of nutritive matter which that fraction contains. 

Thus, if the chyle and the fmces bo the sole products of the transmutation of the 
klimentary mass in thC digestive organs, the chyle must take up nearly all the nutritive 
matter contained in the fi)od, as well ns much of Vhat is not accounted nutritive, 
together with no small proportion of the matters secreted by the several organs 
concerned in digesijon. ^ 

Thus, on the supposition made, if the daily amount of food be estimated at twenty-five 
ounces, the quantity of chyle which passe^daily into the blood must besr a very large 
proportion to that qdaptity, and to the nutritive substances, or their products, which 
that quantity contains, * • 

In estimating^ the comparative quantities of fisccs and chyle, it must not be for- 
gotten that^the chyle is mori»|atcry, containing about ninety per cent, of water ; so that 
twenty-dhe ounces of chyle contain no more solid matter than nineteen ounces of feeces. 
As six or eight ouncjl of ghylo may pass through the thoracic duct in one hour, it is not 
impossible to believe that from twenty to thirty ounces may pass through that vessel into 
the blood, in repeated portions, throughout the twenty-ibur hours. The great quan- 
tity of the chyle required to support the common view, hardly tells to its prejudice. 
But numerous experiments seem to show that true chyle — ^that is, the fluid found in the 
lacteal vessels and the thoracic duct, at a certain period after food has been taken, 

• and at no other time — does not contain the chief nutritive parts of the food, or their 
products; jso that it is forced on the physiologist to consider whether these chief 
nutritive constituents of the food con make their way into the blood by any other 

The transparent fluid found in the lacteals during fasting has mwfii the same 
characters as the lymph of the lymphatics. The transparent contents of th# lacteal 
vessels, and the contents of the lymphatics, alike coagulate, on standing, into a lightly 
ooherent^elly. This property depends on the presence of fibrine in a fluid form, as in 
tflo blood. When white chylo is drawn from tho lacteal vesselS, or from^the thoracic 
duct, along avith the constant transparent contents of these vessels a coagulation takes 
place ; but this coagulation is plainly due to the coagulation of the transparent fluid, 
by which certain particles proper to the chyA are entangled. The white chylo itself 
contains no fibrine ; it consists, as it would seem, exclusively of fatty matter in a 
state of extreme subdivision. 

To recapitulate these flicts 

, . There is at aE times in^the lacteal vessels a fluid exactly similar to what exists in 

the lyhiphetics throughout the body. 

* 2. This fluid, commolijto both kinds of vessels, coagulates, owing to the piesmioe of 

fibrine. 



OPINIONS OF TODD AND BOWMAN. 


69 


3. There ia no more fibrine in the fluid collected from the lacteal yeaselB, when 
they have acquired a white colour* after a meal, than when they are colourless. 

4. After the longest fasting, there is still found in the lacteal vessel a coagulable 
transparent fluid, con^ning the same amount of fibrine as the lymph. 

5. If an animal bo fed on food from which all fat has been carefully separated, 

the fluid^n the lactals does not acquire the white colour seen under other circumstances 
after a meaL * 

6. When an animal is fed on food free from fat, there is a marked dif^nce in the 
state of the lacteals, their contents being either wholly or nearly free from the white 
colour. * 

It hence appears necessary to assume, contrary to the l6ng received' opinion, that 
there are other products of the transmutation of the food, mingled with the secretions 
before enumerated, than chyle and the feculent mass, and th<j^ next stop is to seek 
positive evidence in favour of such an assumption. 

It is undeniable that fibrine, albumen, caseine, and the like, are contained in the 
food. What, then, has become of these constituents of the food, if they be found neither 
in the chyle nor in the feculent mass, either in their original, form*W in a transmuted 
state f 

On this point we shall quote a passage from a work of high ,Authority in Physio- 
logy, in preference to expressing this gneat devmtion firom the received view in our own 
words. The passage', however, may require one or two words of previous explanation. 

It has already been explained that the whole alimentary canal, from the mouth to 
the extremity of the rectulm, is lined Dy maepus mem- 
brane. On that part of the mucous membrane which 
forms the linin g of the small intestines, and quite pecu- 
liar to that portion of the mucous membrane, there are 
minute processes termed vt7U\ These processes are very 
numerous, giving to far the greater part of the inner 
surface of the small intestines an appearance like that pro- 
duced by the pile of velvet. Their length in man is from^ 
one-sixtieth to one-foity-fifth of an inch. Each villus is 
covered by epithelium. The cavity of each vBlus, besides 
blood-vessels, contains one or two small lacteals. The villi 
become turgid during ordinary digestion ; the epithelium, 
which closes each cavity, is either wholly detached, or 
becomes turgid with the matters passing inwards* to the 
cavity of the villus. After this explanation .of <ho nature 
of a villus, we cite the passage to which we have Re- 
ferred : — 

** It was evident in these experiments that the marked 
contrast between the state of the contents of the lacteals, 
and the condition of the villi, was oonnectedVlth the pre- 
sence or absence of fkt in the food, and that eo long as the 
food was purely albuminous or fibrinous, or mainly amyla- 
*eeoa8|, the chyle' was tensparent, aqjl the viUi appa^ntly 
inactive ; but that the aadilaion of fkt to the food called the 
villi into activity, and filled the lacteals with an abundant milk^chyle. ^ 

Are we to infer, then, that the lacteals abseib &tty %iattor8 only, and that the 
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villi are altogother inactive^ save when fatty or oily matters are to be absorbed } We 
apprehend that such an inference is not justifiable. *' It may, however, be concluded 
that the villi apd the lacteala arc capable of absorbing all substances which the blood- 
vessels absorb, and by a simple process ; but that the absorption of fatty matters 
devolves upon them only, and is a more complex process, involving considerable changes 
in their tissue. 

“ And upon similar grounds we may conclude, that, while albuminous and fibrinous 
aliments co7ittibute to the formation of cWle, they do not necessarily undergo the 
change into chyle in older to bo absorbed But fatty matters appear to admit of 
absolution in no other way, eicept by a reduction to* the state of molopulhr base of the 
white chyle. * ‘ 

** These observations and experiments denotd sufficiently clearly that tw'o channels 
exist for the transmission of the nutritious matters from the inttistinos to the blood ; one | 
through the lactoals to tho^vilU ; the other directly through -the walls of the blood- j 
vessels themselves. Matters taking the latter route must pass through the liver, and | 
would bo subjected to the influence of that gland before they reach the inferior vena ' 
cava and the right turiclcjg while thos^ passing tlirough the former channel must 
permeate a totally distinct system of vessel^ namely, the lacteal system, to he conveyed 
to the mperior vena aava, and to the right auricle, where, having mingled with the ; 
blood coming from tho^ivor, both are transmitted by the right ventiicle to the lungs. ; 
And it would seci^ that the object of the two modes of absorption at the intestine, | 
and of the two paths of tran^nission from the intestine to the centre of the circula- ; 
tion, is to koSp separate, up to ascertain point, two kinds of matoriiil resulting from the 
digestion of the food.# And probably the reason why one kind of product is reserved 
to pass through th# intricate capOlaiy plexures of the vascular system of the liver, to 
the exclusion of the other, is because it contains material out of whicl^ the liver may 
elaborate bUo, whilst the other material is transmitted through a less complicated series 
of channels more directly to the lungs,” — Fhymhgwal Amtomy, by Todd and Bowman, 
p. 245. 

« It seems impossible, then, to ovad# the oondlusion that the renovation of the blood 
is not due solely to the supply conveyed to it by the chyle ; and that a most important 
part of that ^hieh digestion prepares for the repair of the circulating nutritive fluid is 
derived directly by absoiption from the iutemol surface of the stomach and intestines. 
Under this view all the products of the transmutation of the mass of food and the 
mingled secretions, except the chyle feculent matter, pass Ithrough the circulating j 
system ef the liver; since the veins of the stomach, as well as the veins of the intestines, 
contribute^heir blood to the contents of the portal vein, which, in its course through 
th% liver, secretes ttio bile, * • • 

When the small amount of the feculent dischargo—not exceeding six ounces in 
twenty-four hours— is compared with the quimtity of food received into the stomach in 
the same period, augmented as it is by admixture with the saliva, the gastric juice, the 
biliary discharge, and the pancreatio liquor, it is seen that no inconsiderable i»t>portion 
of new material is transmitted diAy from the alimentary canal into the current of the 
circulation for the renewal of the blood, and to fit it for ttie several offices which it has 
to pfgpm. The agi^gate of ^iH|Kseveral seoretioi^ min(rled with Ihe food, mus^ for 
exceed average woi^t of the fbMcnt discharge. The quantity of biie alone, secreted 
ia twenty-four hours, must exceed the amount of the feculent discharge. The quantity 
of bile aiMad to the duoddbium in iNrenty-foar hours has sometimes been eaxiried far 
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beyond this ostimntc; Ibi* exainx>lo, to tlic extent of from suyoiitoen to twenty-four 
ounces ; but more exact obser^'atidhs show that from six to eight ounces come noarcr 
the truth. 

Thus, at the most i^oderato calculation, the blood receives daily a quantity of material 
for repair equal to the whole weight of the food taken into the stomach. As, however, 
tho secretions with which the food is mingled in digestion, are a direct tax on the blood, 
it may seem moi*e correct to estimate tho daily addition to tho blood simply at tho 
weight of food taken into the stomach, diminished by the weight of* tho feculent 
matter ; so that the averago daily additioiltto the blood by digestion may be taken at 
from twenty to thirty ounces. • • * 

The food, as we have seen, consists of tho same chemical elements as^the solids of 
the body and tho blood itself ; so thiA the supply of renovation which i9io system 
daily retseives permits a corresponding loss — let us say of about ^ twenty-five ounces qf 
its substance. This knowledge q^ks a great ora in the progress of Physiology. It 
is the triumph of the Physiology of our day to have shown the exact accordance between 
waste and supply in the animal economy; to have shown, on the one hand, the 
harmony between the chemical composition oP tho vaiious solids ^f tho body and the 
chemical composition of tho blood ; and, on tho other hand, the harmony between the 
chemical composition of tho food and tho chemical composition o^thc blood. 

A few words are necessary, in addition to what was said in an earlier section of this 
ti*eatise, on tho changes which the food undergoes before it becomes^ fit to be received 
into tho blood. ^ 

Tho alimentary canal consists of a succession of hoSow organs, ih whtc]^ populiar 
changes occur. Tlie first change which takes place is the adfoixturo of food with 
saliva under tho act of mastication. The saliva contains less fhan twg per cent, of solid 
matter, the res| being water. Thi.s solid matter consists of organic substances and 
salts. Part of the organic matter is composed of epithelium which has separated from 
the mucous membrane of the mouth ; the rest is a peculiar matter, to which the name 
of plyolin haa been given. It is probably nothing more than a species of animal extrac- 
tive, common to many fluids in living bdllios. Among the salts found in tho saliva, one 
deserves particular notice — namely, the sulpho-cyanide of potassium, which gives a red 
tinge with jHsrsalta of iron. • 

Ipi tho stomach the gastric juice effects important changes. This fluid has the 
property of dissolving flesh and other articles of food out of the body when a proper tem- 
perature is preserved ; and an infusion of the mucous membrane of the stomach, with 
tho addition of some acid, such as the muriatic acid, has the same effect— a property, 
although in a slighter degree, also possessed by the mucous membrane of the duode- 
num, but tiot by nwcous mombrafle taken from other organs of the body. It ]^as 
hence been supposed that a peculiar organic principle, to which tho name pepsin has 
been bestowed, exists in the gastric juice, and is the proper agent in these effects ^ but 
which, however, has not yet been sepsrated in a distinct fonn. No mere acidulous 
solution acts in this manner on aliment. The solution of the chief anflnal nutritive 
principles by the gastric juice is so complete, as to erdkte no difficulty in the hypothesis 
that the dissolved matters may pass at once into the veins of the stomaoh. 

In tho duodenum, which is ^a iq»ecies of seepnd stomach, Jihe mass which has ^ 
descended from tho stomach, termed chyme, is subjected to the influence of tfie bile 
fhim the liver, and of the pancreatio juice from the swectbrciidN • 

TlM 8lle»— Tho analysis of the bile has caused mil^ trouble to chemists. It 
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is an animal soap. The peculiar substancu which it contains is Bosi(ict> 

this^ there are salts, mucus, and ninety por cent, of water. Ac<i«»rdmg to other views, 
bilo is essentially a solution of a salt of soda, formed by combination of the base with 
two peculiar acids*— namely, the cholic acid and the choleic acid.; the latter acid con- 
taining sulphur. 

The following extract from the work already quoted, exhibits an excellent sum- 
maiy of the latest conclusions as^to the uses of the bile : — 

1. Thatit secretes a highly complex Juid, which is poured into the intCutinol 
canal, and there undergoes decompositioni^ Its colouring-matter (cholephyrrhin, or 
biliregdio) is carried off in t^e excrements, and may possibly assist in stfmulatiiig the 
action of the intestine, fts fat is in great part, at least, absorbed by the villi. So 
much of ita fat as is not thus acted upon confributes to form the fmces. Its salts, 
also, are probably cank^d off in the fseces. Other of its elements contribute to the 
digestive process, by promoting the solution in the bowels of some kinds of food which 
have escaped the solvent action of tho gastric fluid. What these elements are, and 
whut kinds of food they servo to dissolve, wc have yet accurately to determine; it seems 
ceitain, however, that it qxerciscs no «)lvent power over fatty or oily matters, and 
probable, that it acts upon azotised matters. 

“2. The liver fonns sugar and fat by chemical processes in its circulation, inde- 
pendently of any direct*br immediate sup^dies oPthesc substances |n the aliments. 

** 3. The liver is a great emunctory ; it eliminates carbonaceous matters, some 
directly, as the co^ouring-raaV^ of the bilo, which is at once .thrown out in the faeces ; 
others indirbctly, as fat and sugar, which, passing to other parts of the circulation, arc 
more or less acted on<by ^xygen and eliminated as carbonic acid and water. 

4. The liven contributes largely to tho maintenance of general nutrition ; first, 
by aiding in the solution of certain aliments in the intestinal canal^ and secondly, 
by furnishing food to the calorifacient process.” — (Op. cif., p. 263.) 

Pancreatic Liquor. — ^The pancreatic liquor is a colourless limpid fluid, viscid and 
gluey. It has an alkaline reaction, and is never acid or neutral. It coagulates by heat 
.Ukc white of egg, becoming completely solidl The coagulable principle of tho pancreatic 
lupior resembles albumen, but is not identical with it. The pancreatic liquor, or a piece 
uf the ponerSas itself, transforms starch into sugar ; and its peculiar property is that of 
digesting, hy a peculiar modification, all the neutral fatty matters met with in> the 
food. When olive oil is mixed with fresh pancreatic juice, and the mixture thoroughly 
agitated, a perfect emulsion is formed, and a liquid similar to milk or chyle ibsults. 
No othbr animal fluid possesses this property. ' The pancreatic, liquor, then, seems 
designed fbr the special digestion of oils and fat. 

« Such, then, are the agencies by which the food is prepared to ifdngle with the blood 
for its renovation. 

On the Puxifleation of the Blood.— Wo have seen that the new products 
supplied to the blood the process of dige^on, take two channels into the venous 
system— part passing along with lihe venous blood gathered from all the organs con- 
cerned in digestion, to be sent ttzongh the liver for the secretion of bile ; part passing 
by the lacteal vessels and the thoracic duct to a vein in tho upper part of the chest, so 
t^t44^ .tran8mittedcdirectl7 tathe right side of the heart, and thence, BtUl aloi^ with 
venous blood, sent through the lungs. 

• The blood is pm^e^ waiter the adxhixture of the new supplies, by the liver and the 
lungs ; hbnoe the liver and^the lungs have sometimes been nam^ ihe Great Ibnunct- 
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ones of the blood. A third groat enmactory h^ to be added, namely, the kidney. 
By these three organs the blood ii purified, and rendered fit for the maintenance of the 
seyeral organs and parts in a state of healili. 

The Llvex. — is unquestionable that the liver secretes a fluid— naUiely, the bile— 
which is of essential service in the process of digest! in ; but there arc,- nevertheless, 
the best grounds for the belief that by the act of preparing this secretion, the liver 
separates something which, if retained, would prove ^jurious. 

The liver, or at least a biliary apparatus, appears in a rudimentary fonn in insects 
and spiders ; it puts on a higher developnftnt in the crustaceans, as in the lobster ; and 
in molluscs, «s in the cuttle-fiah,^e snail, the oyster, and the like, assumes a character 
very much resembling what it possesses in the higher animals. In tho vertebratod 
animals it preseiTos an aspect similar do that which it has in man. • 

In man the liver is a largo organ, being the largest gland m the body, and has a 
very complex structure — in particular, a peculiar arrangement of the blood-vessels. 
There is, as in the other organs, an artery termed the hepatic artery, and veins termed 
hepatic veins. It is a rule throughout the body, that veins arc larger than the cor- 
responding arteries. But the hepatic vein^ exceed the capacity of the hepatic artery 
far beyond the measure assigned by this rule. Why this should be, will readily appear. 
The liver has a blood-vessel, to which there is nothing correspondent in. the other 
organs of the body — a vessci which, though it conveys venoui^fiood, is distributed like 
an artery tliroughout the substance of the liver. In the first place, then, it is manifest 
that the large size of the hepatic veins arises from the circumsta&co that these veins 
convey to the great venous trunk of the abdomen, not^l&y the blood transmitted to tlie 
liver by the hepatic artery, but also that transmitted into it J>y this pecTiliar vessel, 
which carries venous blood by its ramifications throughoift the liver. In short, it is 
found that thejliepatic veins correspond not merely to the hepatic artery, but to the three 
great arteries which come off azygously — ^that is, without fellows, or not in pairs, but 
singly — ^firom the anterior part of the abdominal aorta. These three arteries supply the 
stomach, the bowels, the spleen, the pancreas, and the liver itself, with their proper 
branches. The veins corresponding to the ramifications of these arteries, instead of 
proceeding at once to the groat abdominal venous trunk, unite together successively V) 
form what is termed the portal vein, or that great vein which enters tl^ liver and is 
diskibuted like an artery. From the minute ramifleationB of this vein; the bile is 
secreted, while the residual blood is taken up by the mmute radicles of the hepatic 
veiuA 

It remains to be explained that the blood of the hepatic artery nourishes^the liver, 
and having thcretore become venous, is poured by its minute ramifications into the 
minute dMsions o&tho portal veifl, from which the bile is secreted. 

Thus, the bile is not secreted from the arterial blood of the hepatic artery, miSgled 
with the venous blood of the portal vein ; but the portal vein, being prefiously supplied 
with the venous blood produced in l^e nutrition and secretions of all the organs con- 
cerned in digestion, is finally reinforced by the venous blood produced4n the nutrition 
of the liver itself a^ the gall bladder. Thus, as wis already stated, the hepatic veins, 
the radicles of which communicate directly with the minute divisions of the portal vein, 
return to the great venous trunk of the abdomen all the blood sent out by the three 
arteries named the csriiao, the superior mesenteric, aoA the infeftor mesenteric.*" 

And this arrangement prevails throughout the order of nyuiAnals ; while in the rest of 
the vertebrated orders a vein corresponding to the portelerem is formed by the union of 
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veinB derived from the pelvis as well^ os tlie abdomen, and supplies tUe kidneys as well 
as the liver, * 

The liUXiigB and &a8pization« — ^As the liver at once produces a fluid subservient 
to digestion, and effects a certain purificatioa of tbo blood, so the lung performs a most 
important office of purification of tlic blood, while by that same acC it further generates 
the heat necessary for the maintenance of animal temperature. 

It is (dearly established by chemical evidence, that whenever carbonic acid is formed 
by the union of carbon and oxygen, heat is generated. With the air throum fortjb in 
expiration a liil'ge propoi;^ion of carbonic acid gas is mingled, while the air taken in hy 
inspiration contains no mor(3 ,than a minute (proportion of that gas. The organs of 
respiration, indeed, in all pnimols, arc continually engaged in throwing off from the 
system carhf>nic acid gas. During tliis ]irocc8S of Respiration, on the other hand, a quan- 
tity of oxygen gas is continually disappearing from the surrounding air. The air whicli 
palssos into the lung in'inspiratiou contains about tweqf-y por cent, of oxygen ; the air 
which comes forth in expir^^tion contains but a very small proportion of oxygen gas, 
the place of which is neai-ly supplied by the carbonic acid gas already spoken of. It 
has boon already shojyn that a largo pre^iortion of carbon exists in the constituents of 
the body, as well as in the food doily taken into the stomach ; honco it is impossible to 
doubt, when joint reference is made to these several facts, that a slow combustion goes 
on somewhere witliin tllq lung systenL, by which Q^rbon' ani oxygen arc united into car- 
bonio acid> while, as on every such oitcasion, heat is produced. ' 

Such, then, is ‘ihe essential character of the function of respiration in the animal 
^■'kingdom — ^tho purification of tho blood by a slow com- 
bustion of carbon, while that samo combustion nmin- 
taius the animal temperature. 

In mammals the mechanism of respiration procee ds 
on a pretty uniform plan. Even in the cetaceous ani- 
mals, or whale tribe, the variations consequeht on their 
mode of life hardly affect tho essential type, being of 
a subordinate feharactor. In whales, however, the 
efficiency of the function of respiration for the gene- 
ration of heat is particularly exemplified. They live 
in a medium which abstracts heat from tho sitrfaef? in 
a far more rapid ratio tlnua aii', and most of the tribe 
live in the very coldest seas . ncvcrtbeless, their j^*m- 
peraturc rather exceeds that of man and mammals in 
general. 

The mechanism of lespiration in nwunals it Is not dif- 
ficult to understand. Tho lung is an extensible elastic air- 
bag, enclosed in the cavity of the chest (seep. 61). In that 
cavity the lung nearly free— that is, the surface of 
the lung is, with slight exception, simply in contact ^vith 
thd* inner wall of the chest, without adhering to that 
wall.. The lung alone communicates with the external 
atmo^heref there boii^ no passage by which air can 
]^ietrate into the cavity of the chest^^at is to aay, 
by which it can insinuate itself between the outer sur- 
face of theiimg or air-bag, ood ihis inner surface (ff tbo wall of the chest The walls 
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ft, trachea or windpipe, opening ut 
the bflqk of the month by the 
larynx, a; e, ffimeoted air pae- 
■agea whnmehialtabea f if, long 
in its natural state. 



MECHANISM OF RESPIRATION. , 75 

of the ohoBt dose in above around the windpijte, which is of narrow diameter, ascending 
fh)in the lung to roach the mouth. By the windpipe the air freely enters every part 
of the healthy lung. The lung, or bag of air, of necessity fills the actual cavity 
of the chest, and applies its outer surface close to the lining membrane of the cavity ; 
because, were aCny part of the lung to collapse, or withdraw itself from the wall, a 
vacuum would be produced ; but such a vacuum is impossible, so long as the lung 
is everywhere freely extensible, Ihd the air has access, through the air-tubes 
connected with the windpipe, to every pai*t of the lung. The lung itjelf is passive, 
or nearly passive, in respiration. The chest is capable of alternate expansion and con- 
traction. Thfc alternation of chadjgc on*tbo capacity of <hc chest is produced by mus- 
cular contraction, assisted in expiration by the elasticity of oertain parts. iThe expansion 
of the chest is wholly a muscular act, %nd its contraction, when moderate, is altogether 
dependent on the physical properties of its walls. AVhen the chest expands, the 
i' lung or air-bag closely foUoms, being dilated in exact proportion as the chest 
expands. When the chest contracts its cavity, the lung or air-bag being compressed, 
still exactly fills the chest, while the superfluous air is thrown out. When the chest 
expands very slowly, the air may enter as fdSt as the lung dilat(«, and then no appre- 
ciable rarefaction can take place on the air throughout tne air-cells. But when the 
chest expands rapidly, the air coimot entdt by the windpipe fa^t enough to keep pace 
with the dilatation of tho lung. Why, then, does the lung* dilate also in this case } 
Plainly owing to the universal tendency of air to dilate w^hen previous pressure is dimi- 
ni^od. This is an important point in the mechanism of respiration, because this 
tendency in air to dilate and distend an extensible bUg like tho luhg, ccomteracts the 
atmospheric pressure on the external walls of the chest, and muej^ facilitates tho further 
enlargement of the chest. Whenever, then, in inspiration tde chest^expands somewhat 
rapidly, tho air throughout the lung proportionably expands by its dilatibility on tho 
removal of j)res8uro, and therefore becomes rarefied, so that it is no longer equal to tho 
support of the w'eight of the atmospheric column, which therefore descends by the 
windpipe, until an equilibrium is restored. Authors frequently term the dilatibility of 
the air on the diminution of pressure, ’blasticity. This is not absolutely incorrect, but 
it plainly creates confusion. When air is compressed beyond the density at which it 
exists under the ordinary atmospheric pressure, the recovery of its former volume is 
j properly 'ascribed to its elasticity. But as conventionally wc speak of bodies in general 
as being solid, liquid, or al^riform, according a.9 they exist in any one of these states 
unde9 tho ordinary atmospheric pressure ; so, if elasticity be defined that property by 
which a body recovers its former volume -when compression is removed, we shqpld refer 
to the expansion of air, when the ordinary atmospheric pressure is diminishod^by another 
term than* elasticity, as that impdes a return to some condition other than that under 
which it exists in tho circumstances prevailing at the earth’s surface. | 

In birds respiration is more energetic than in mammals. The tempefature oi^ their | 
bodies is somewhat higher — ^that of mammals being rather hcl<|w 100“ Fohr., while that I 
of birds is often some degrees above that point. The lung or proper air4)ag of birds is 
not laiger proportionately than the lung in mamuAls ; moreover it is fixed, hardly 
dilatible, and does not fiU the whole cavity in which it is contained, liko the lung of 
mammals. But in birds tho ahr penetrates to almost every res^n of tbo body, and 
paitumlarly into tiio abdominal cells, which freely oefinmunioate with tho divitions of 
the windpipe. The whole trunk, in short, forms one grqat\reE^iratory cavity ; and 
whan the expanded faroaat-bone is drawn downwards froonthc vertebral column, acting 
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liko A great bellows, it sacks air iato the whole cavity, and by its ascent again expels it 
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a, trachea ; b, puli|\onarv vcgsels : c, lun(f ; 
dt oriAce of bronchial tube ; «, oronohial 
tube opened. , ^ 
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is brought into contHut with the air in a given time than in the higher orders of 
fttiiTngla ; sinco thoy, in the aggregate, have a most extensive lining to the interior of 
the air-cavities, owing to their very minute subdivision. 

In a few reptiles respiration takes place by gills, as in fishes. The Perenni- 
branchiate amphibia, as they are named — of which the Lepidosiren is an example-* 
possess both lungs and gills. The frog in the tadpole state breathes by gills ; in the 
mature state by lungs. In the frog, as in somi other reptiles, inspiration is performed 
on a plan altogether Afferent from what is observed in the higher orders, and the air 
may be deserfbed as being swallowed. The mouth is very capacious. The jaws are first 
dosed, and then the mouth being dilated, tho air enters by the nostrils and distends it 
then by tho compression of powerfid muscles, while the nostrils are closed by valves, 
the air is forced to descend into tho lung. It is subsequently expressed, as in the deep 
expiration of the higher animals, by the action of the abdominal muscles on the chest. 

In fishea breathing takes place solely by gills. The water which is impregnated 
wit^ atmospheric air is taken in by the mouth, and forced out agftin by the apertures 
on each side of the nock. It is thus made to pass between the gills, which form a set of 
comb«like vascular fringes, supported upon a system of bones termed the branchial 
arches. These arches afo generally four in nufiiber on each side, and are attadied by 
one extremity to an intermediate chain of bones situated opposite the middle of the nec^ 
behind the hyoid bone, while by &eir opposite extremity ^ey are joined by ligaments 
to the under sur&oe of the riniU. 

A brandhial arch [s made up of several pieces jpined together by ligaments, the 
whole Ming perfectly flexible, and the edges defended by little osseous i^tes, oommeiily 
armed with teeth; arches are so placed as to prevent the fbdd talm into the 

mouth frozh being fisroed outthrough the branchial Assures with the atream cf watton 



Birds have no proper midriff or diaphragm, by 
which, in mammals, the chest is closed in belowi 
and divided from the abdominal cavity. 

In reptiles the respiration is of a much less 
energetic character than in mammals and birds. 
These animals are consequently cold-blooded : 
that is, their temperature nearly accords with 
that of the medium in which they live. 

The lungs, however, are generally of great 
size in reptiles, as compared with the bulk of 
the wlfble frame. The pulmonary colls are 
much larger than in mammals and birds, and 
sometimes the lung degenerates into a mere 
membranous bag without partitions. As the 
lining of the minute air cavities in the higher 
finals is tho membrane in which tho blo^ is 
subjected to the influence of the air, it follows 
that the smaller the air-ceUs are the greater is 
the extent of the tissue in which the blood is 
exposed to the action of the air ; so that, not- 
withstanding the size of the lungs in reptiles, 
a much smaller proportionate quantity of blood 
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The function of respiration is manifestly the same in fishes as in the higher animalsi 
namely, purification of the blood find the maintenance of animal heat. 

Of molluscs the chief part breathe by giUs ; some however breathe air by organa 
ooiresponding to lungs. 

The oephalopods, as the cuttle, nautilu^ &c., have two gills, one on each side of the 
muscular sac finmed by the cloak. These gills have the form of a compound fem leaf, 
and are contained wilhin the visceral sac. The water enters through a valvular aper- 
ture,* and is subsequently expelled with force through the funnel. , 

Of the gasteropoda, the terrestrial species, such as the slugf snail, limpet, and wolk, 
breathe air v^ch is alternately di%wn in and expelled from a cavity lined with a vas- 
cular network. To these species the name Pulmobranchiata has been given. All of 
these do not absolutely live on land, hut such of them as inhabit the watcjf must fre- 
quently rise to the surface for the purpose of breathing. ^ 

« In the marine gasteropoda there are gills variously situated. The situation of the 
gills in this order has been taken as a principle of arrangement. Thus, in the Nudi- 
branchiata, the gills are naked and placed upon some part of the back ; or, as in the 
Tritonia, along its entire length. ■* ^ 

In the Infcrobranchiata, the gills resemble two long rows o# leaflets placed on the 
two sides of the body under a projecting ed^ formed by the maqtlo. 

In tho Tectibranchiata, the gills are on one side of the bady only, concealed by a 
flap derived firam the mantle. 

In the Pcctinibranchiata, the gills are placed internal^ in a large cavity, into which 
the water is freely admitted, as in all the spiral univalVb sea-shells. ' • 

In the Conchiferous Molluscs, which include the oyster, ^ussel, scallop, cockle, 
solen, &c., the breathing apparatus is elaborately contrived.^ The gjlls are in the form 
of fringes, sometimes termed in the oyster the beard. Every filament of the branchial 
fringe, by the help of the microscope, is found to be covered with innumerable cilia, or 
cyclash-lUre processes, in constant vibration, thus producing rapid currents in the water, 

, which sweep over the entire surface of the gills, performing the double office of aerating 
the blood, and carrying towards tho mOuth the floating animalcules or other nutritious 
particles which may be spread around. 

In the Crustaceous animals, such as the lobster, the crab, and the crayfi^ there are 
fringes and tufts variously disposed, which serves the purpose of gills. In the lobster 
there axe pyramidal tufts, consisting of a central stem covered with vascular filaments, 
in which blood-vessels ramify. 

The Arachnidians, or spiders, are divided into two sections, founded on a (difference 
in their mode of zespiration. The Tracheorean Arachnidians, to which tb^ mites and 
itch insects bGlong,id)reathe os we Ifliall find insects to breathe, by means of air tubes 
opening upon Ihe surface of the body, by which the air is conveyed to every part the 
system. The Pulmonary Arachnidians, of which the true spiders and the acorpten are 
examples, breathe by lungs, or pulmomary bronchia, as they»are termed, as combining 
in some measure the characters of both lungs and gills ; t^ir respiratory organ being 
a bag containing fold^ laminee, on which the air anA perhaps sometimes water acts. 

In insects, the air is conveyed by means of air tubes and bags opening on the surface 
of the body, thus at onoe acting the' blood, and giving to the frame that lightness 
neoessary for flight through the air^ » * 

The bee breathes by lospiratory bags, of which it has opening on the surface 

of tho body hy two ho lo s^- s tigmata, m they are oalleA-^aiid giving rise to aereral 
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branched tuliea* On the other hand, the respiratory apparatus of the grub of this | 
insect, as indeed of most others, is exclusively tulAilor ; and these tubes have a very 
diflbimt distribution from that which they present in the perfect insect. The same is 
the case with the caterpillar of the silkworm ; but oven in the pei;fect animal the respi- 
ratory apparatus, in this instance, is tubular alone. Of these tubes one large ehe runs 
along each side of the body, and givus off, opposite to each of the nuamrous openings 
upon the surface, two sets of branches, one to the lower part of the body, and the other | 
to the upper,^ such a manner that the former branches go chiefly to the rnnsdes 
moving the feet, and the latter to the dorsal blood-vessel and to the several entrails, 
which in insects are always situatod near theif back? The stigmata, or 6riflces of the 
respiratory tu^jus, in the Caterpillar of this insect, are fumi^cd with a kind of lips, 
which opeA or close them at pleasure ; and it probably, by a similar apparatus, that 
ap terrcstx'ial insects n^gulatc the ingress and egress of air employed in respiration. 
But some tcn'cstrial insects ore capable of respiring ^evenmnder water, and the means > 
by which they do tliis arc extremely cuiious. In general they cairy down with them a 
considerable portion of air in the intorsticcs of the hairs with which their bodies are 
covered, and which ctontinually exuding ihi oily fluid prevents the water from coming in 
contact with it ; they breathe, thcrefoi*c, under these circumstances, in a kind of natural 
diving-bell. In some jnaects however, such*as the water scorpion, the air tubes, instead 
of this contrivance, are provided with long processes extending from the posterior part of 
the body, the extremities of wbich, being always above the water, furnish them with a 
constant supply oi’ fresh air. They are, in fact, a kind of water serpent, or cetaceous 
animal, in tlvs rcs{>eot ; the buittf of their bodies being under water, while toeir spiracles, 
or the holes through wj^ich they breathe, are above it. In aU insects which fly, it seems 
to have been the object of* nature to carry rather the air to the blood than the blood to 
the air ; and how excellently adapted to this purpose is the tubular and ramifled struc- 
ture of their respiratory apparatus must be sufficiently evident. 

In the Myriapoda, such os the multipedes and the centipodos, the air is taken into 
the body through a series of minute pores or spiracles, placed on each side along tho 
entire length of the animal. ' 

In the Annelida, or red-blooded worms, of which the leech is an example, a series 
of membranous pouches is provided for respiration, into which nanw duets by 
which aerated water enters. « 

In tho inferior tiibea traces of respiratory organs are still discoverablo, though these 
arc so various and so obscure as to render it impossible to comprehend within our j^imits 
any partjeulars of these most rudimentary terms of the function. 

TIm Sidney. — ^The urinary organs do not occur in tho non-vertehrated animals. 
They appear for Iho flrst time in Ashes, * i' * 

The kidneys are voluminous in flshos. They ore composed of microscopic tuhuji, 
which tormimfto in the laiigcr iirinifcrous tubes, termed iireters. 

In some reptiles the kidneys aio lobed, an(i» in the higher species liave much the 
same structurc^as in birds. 

In birds the kidney consists ofhevoral distinct lobes, oomiaoted by the branches of 
the ureters ; and, in many respects, approach nearer and nearer the character of tho 
kidimysia mammals. ^ 

ThS structure of &e kldne/b in mammals is somewhat oomplez : the blood fiom 
wluch the seczetipn is dlei^^ved is arterial blood. Tho kidney consists of two sub- 
stances; thye eortioal, or outer surfaoe, and the internal, or medullary. Of these the 
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I lonner is the most vascular, and the latter cliiuily composed of uriniferous tubes. The 
bldfed-vessels undergo a peculiai' mode of convolution into 
minute masses, which are termed “ Malpighian bodies.” 
The tubules do not communicate directly with the blood- 
vessels. The seciution, however, first tohes place in these 
tubules, which gradually unite, and finally, under different 
names, convey the secuetion into the canals by w'hich it is 
transmitted to tbo bladdei*. 

The urinaiy scci^'tioii is plahdy of vast importance in 
tbo Uniiuai economy. When this secretion is intemiptt d 
death speedily takes place ; and the kind of death which 
occurs is regarded as a species of poisoning, owing to the 
blood becoming <‘ontammatcd :^ith noxious chemical 
products, whidi sliould have been thrown* off by the 
secretion. 

Uroa and uiic acid arc the two most remarkable sub- 
stances known* to exist in the uriAc. Between four and 
vuuTicAL sBc’i'ioN Ok’ KiDNKv hunilrcd gToins of urea are thrown off by the kidney 

I Its niedull:iry substance, tcrnii- from the living system in the adi^t male. The quantity 
I “ (iomulerably loss in femrios,' in children, and in old 

! pusaingr their secretion into the people. The quantity of uric acid thrown off in t^^'^enty- 
four hours is much less, being hardly more than one- 
thirtieth part of file quantity of urea. Both these silbstances, as bdibre stated, contain 
a large proportion of nitrogen. They are products of the di^^tegration of the solids 
of tho body. Tho saline matters contained in the uiinif for thv most pait have u 
similar source. 

Urine contains about seven per cent, of solid matter to ninety-three per cent, of water, 
j Of this solid matter about Uircc per cent, are urea, one-tonth per cent, uric acid, half per 
! cent, phosphates. As the phosphates exist in the solid parts, one source, at least, of theso 
in tho urine is the disintegration of* the solids of the body. Alter very violent and 
I long-continued cxcrciso, the urine is observed to contain an unusual abundance of 
phosphates. There can be no doubt of the general truth of the propo^iition that the 
I gi'iat purpose of tho urinary secretion is to convey out of tho system cortoia chemical 
j prodnets, arising from tho disintegration of the liying l>arts, though tho precise series j 
J of changes w'hich take place be not yet fully determined. A general view, ' 

then, of this subject is all that is compatible with the plan of this treatise. #» I 

Wo speak cuirently of the effete matter of tho living system being* continually 
! thrown dff, and that such a sepoiation is essential to the well-being of the body. ^It is 
j not remarked, however, that merely slightly altered or exhausted portions of the 
various tissues, such as bone, cartilage, mrisclc, tendon, nerve, and blood-vessel, are 
i thrown off in those processes by which effete matter is get rid of. It has long been 
I noticed that the fluid contained in those vessels, wliich have been supjlbsed to perform 
j what is teimod interstitial absorption, is homogeneous, and that it never shows signs of 
having been derived from tho disintegration of any such solids as those above enume- 
rated. Hcncf) it was always concluded, in former times, that these absorbent vessels 
haii not only the property of t aking up the effete mafter at the points where it formed, 
but that they had also the property of decomposing such ^to matters, and of ^n- 
I verting them into such a homogeneous fluid as is foundsin the absorbent vessels. It 
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Boems now, however, very doubtful if these absorbent vessels take up anything else but 
liquids; since it is for more probable that the process by which solid parts are absorbed, 
consists, first, of a chemical decomposition of the solid, under the influence of the 
oxygen, conveyed to all parts of the system by the arterial bljpod, by which it is 
reduced to a soluble form, and then of its transmission through the coats of the minute 
veins into the blood. Thus the saline matters, such as the phosphates contained in the 
portion of solid Uving substance disintegrated, becomes at once mingled with the blood ; 
while the orgajiic tissues, as consisting of oxygen, hydrogen, carbon, and nitrogen,iare 
converted into water, oaAonic acid, urea, and uric acid. ^ 

We may judge of the extdnt to which thi# conversion goes on from the oont^ual 
renewal of the blood and*the solids of the body, which, while the same weight is 
retained, ca&inot take place without a corresponding removal of such parts as, by the 
progress of development to maturity, have reached the stage of decay and disintegration. 
The component parts of the living solids plainly undergo changes analogous to the 
growth, the maturity, the iocay and death of the whole body. The new portions of 
nutriment supplied by the blood, in its successive circulations, correspond, at first, to 
the embryonic development of a young iildividual. By degrees these parts advance to 
maturity, and begin, after a short period of efficient service, to lose the energy of their 
vitality ; so that they, are now ready to become the* prey of the ordinary chemical 
affinities of their component elements, and, under dhe action of the oxygen conveyed by 
the arterial blood, they become again reduced to matter but one degree removed from 
the inertness of the dust of the earth. 

Of tlM flap fif TegetafiViB. — ^The proper sap of plants undoubtedly corresponds 
to the blood of animyls. By proper sap, however, we are to understand not the 
ascending but tho^desconding sap — that which, after its ascent from the roots, has 
undergone an elaboration in the leaves, so as to he prepared to afford to the several 
tissues a new supply of their proper substance. 

The crude or ascending sap is totally different from tho elaborated sap. For 
example, the crude sap of a plant, when flowing upwards in abundance, may afford a 
refreshing drink, though, after elaboration in thi leaves, it may become of a poisonous 
nature. The Euphorbia eanariemis is the plant which afibr Is the rosin ouphorbium of 
the shops, foiuierly employed as a blistering substance. This plant the inhabitants of 
tho Canary Islands are said to tap, and draw off tho ascending current for the purpose 
of refreshment, notwithstanding the acrid character of the sap after elaboration. 

%'ho descending or elaborated sap abounds in globules, and often, after being with- 
dravm frpm the plant, imdergoes a species of coagulation. This sap — the prox>er juice 
or blood of i^e plant— -plainly contains the materids of tho solid parts which compose 
the structure of tho plant, as well as those which enfer into its vaiioua secretions and 
excretions. 

What, thoii, is the foundation of the difference between the elaborated, or descending 
sap, and the ascending oiscrude sap ? In the firffS; place it is evident that crude sap dope 
not contain all^e materials which, by a certain transformation, may l#jeonverted iiko 
the constituents of the perfect sap.* Whence, then, are those new materials obtained^ 
which, being added to those of the crude sap, explains the dovelopment of the peifiect 
sap ? It is plainly the office of the leaves to add those^new materials. 

It h^ been a prevalent idea Shat tite leaves of plants correspond to the lungs^ of 
animals, and that thei/ use is merely to ventilate or purify crude sam as the 
lungs do tho ymoua blood tf animals. A more exact scrutiny of the office of the 
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leaves shows that they are the channel by which a most important part of the food is 
conveyed into the substance of tho^lant. 

Although carbonic acid is continually given off by certain parts of plants, it is 
proved, beyond aU^do^bt, that this generation of carbonic acid amounts to but a very 
small deduction to be made from the for more extensive decomposition of that gas 
which takes place in the leaves of plants under the influence of light. The carbon 
derived from this decomposition of carbonic acid bccorq^s fixed in the plant, while fret' 
oxygen is given off. Thus the leaves in reality correspond to the digestiye organs of 
animals, since, though nourishment is derived from other sources, yet a most important 
part enters Sy this channel ; and it cftren ajipcars that some other parts of the food of 
plants enters by the loaves, besides the carbon. « • 

The food of plants consists of waterf carbonic acid gas, ammonia, and softie saline 
matters; and these several articles of food enter partly by Ihe spongioles of th(^ 
radicl(38, and partly by the leaver. The crude or ascending sap is derived fix>m the 
spongioles of the radicles, and doubtless contains all the saline and earthy matters 
which enter into the Constitution of the {dants ; it appears, also, to contain portions of 
the other aliments, particularly the watery pail; and the ammonia# By the additions 
made to this sap derived from the spongioles, the sap becomes matured, and prepared 
for the general nutrition of the tissues, and tEe supply of the secr^ions. It comes now 
to contain fecula, gum, sugar, lignin,# and also the proteine compounds, albumen, 
fihrinc, cascino, &c. ; or substances readily convertible into these, by which the annual 
additions to the stem is made, the fruit is developed, and the several peculiar secre- 
tions, such os oil, fixed or volatile, resin, gum-resin, balftun, camphor,lBnd the like, are 
supplied. And after the sap has served these uses, there is a^urplus of nutritive' 
matter left, which is laid up for tho supply of the wants of the vegetable economy in 
the subsequent year ; for, obscure as this subject still is, it seems cert^ that the sap 
which first rises from the soil in spring becomes mingled with organic products formed 
in the previous year, by the aid of which, before tho leaves have commenced their 
office, various important effects in the vegetable economy arc accomplished ; and this 
in accordance with a ruU c rganic ftature already referred to, namely, that for 
materials from without jecon fit to be incorporated with pre-existing organic tissues, 
a mixture with ihe products of living action is a usual preliminary. • 

The respiration of plants, like ^hc respiration of animals, consists in the evolution 
of carbonic acid, and the consequent development of temperature. By this evolutij^n 
of carban, which appears to take place at all times, though in minute proportion, some 
purification of the proper sap must be effected; and there also appears to b# other 
means of excretion, Ibj which the same end is still further promoted. • 

Of — The condhual renovation of the tissues composing the finame 

of an adult animal, and of the leaves of trees in each successive spring, bears a striking 
analogy to the reproduction of species by the individual, whether animal dr plant. • 

A genu separates from the body ofsthe parent, which, under the application of 
oei'taiii conditidiut^ different in different divisions of orcanic nature, beconles developed 
into a new individual. 

The whole process is of the most wonderful character from beginning to end, and 
in whatever part of organic natur^it is studied. The least complicated mode of lepso* 
duction is found in such organisms as the red snow {proti>eoeeu8 nivaiis), which ocwiiiwgfi 
of a simple aggregation of vesicles, without any definite #a!Eftngement,-HMttelSii^ 
united, hut capable of existing s^arately. In simple orginisms of this kind, sterile 
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rupture giyos indopendent exieten^e to tbo mdiments of new indiyiduals ' contained 
within them. ^ « 

The guccessive development of the several structures belonging to tho mature 
individual in tho higher parts of both kingdoms, is not less wonderful than tho varied 
primitive devriopment of tho germs. " * 

The progress of tho development of the chick during incubation affords one of the 
most interesting examples of this ulterior stage of reproduction. 

Let UB briefly review the anatomy of tho egg at tho commencement of incubation. 
Beneath the shell there Jis a membrane consisting of two layers, which, by tbeir separation 

at tho larger end, -form a 
space filled with air, es- 
pecially rich in oxygen, 
this air vosiclo being des- 
tined to serve for respira- 
tion. Witliin the inner 
layer of this membrane 
lies the white, and within ; 
the white, enclosed in its 
proper membrane, the yolk. 
Prom each extremity of 
the j olk-bag proceeds into 
tho white a knotty body, j 
terminating in a flocculcnt i 
extremity. These two bo- 1 
dies are termed tho ' 
lazosy and their effect is to 
keep the yolk uppermost 
in the white ; for by shak- 
ing an egg violently, tho connexion of these with the white is destroyed, the yolk 
sinking to whatever end of the shell is downwards ; and this is the secret of making 
' an egg stand upon end, without proceeding to tho violent expedient reported to have 
been cmplcycd by Columbus. On the surface of the yolk-bag is a small round milk- 
white spot, called tho cieutricula, surrounded by one or more whitish concentric circlc.s. 
TJio cioatricula is the blastoderm, or germinal membrane, from which the future ^ing 
is developed. Beneath tho germinal membrane there is a canal, which loads to a 
chamber in tho centre of tho yolk, and which is filled with a whitish granular sub- 
stance. ^uch is the description of the egg in the fowl, and in its general character it 
ropresenla the matured ovum In vertebrate animals. ' 

As soon as incubation commences, the germinal membrane becomes distinctly 
separate firotn the yolk and yolk-bag, spreading and assuming the form of a oentrri 
pellucid spot, suxroon^d by a broad dork r^g. At the same time it becomes thick- 
ened and prominent, and is soon separable into three layers ; of the|e the exterior is a 
serous layer, the internal a mtfcous layer, and between the two is ritnated a vascular 
layer in whirii vessris soon become apparent. Prom Ike first, all the serous struotUTcs 
of the ftitnre Baxmal are devdofsd as from the mucous layer are all the mucous ; 
stmolurei, and fiom*'thc middlb all w vascular strubtuies. 

Towai^ ^e the first day, tho serous or outer layer has become thickened 

into the tot rudimeBt of doiaal portion of the future embryo, whilo the two other ; 
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a, cioatricula ; ft, yolk-bag ; c, membrane lining thcRhcll ; dy attach- 
ment of ohalasflc ; /, air space ; g, albumen. 
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layers still remun unaltered. At the commenccdncnt of the second day, the anterior 
portion pf the embiyo is dilated^ and llie three membranes which represent it have 
become bent down. At the conclusion of the second day, this inflection is carried still 
farther, and in the vascular layer a beating 
point, the pmctu0 sMiens, the first appear- 
ance of a heart, has become developed. On the 
third day, the serous membrane has become 
reflected over the back of the foetus ; at one 
extre&ity investing tho head with a serous 
covering, anc^ at the other cxtrQmity 
vosting tho tail. This reflection of the serous 
membrane is finally to form the amn^n or 
inner lining of tho bag in which the foetus 
is to bo contained. 

Tho mucous layer, or that next the yolk, 
at this time lines tho open space which is 
to form the abdominal cavity, and by its in- 
flections gives origin to tho rudiments of the 
abdominal viscera. ^ « 

Tho heart in tho vascular layer is now 
seen to be composed* of two chambers; and 
further, the branchial arteries are discovered 
which join to form the aorta. 

On the fifth day, the outlines of tho vis- 
cera are tolerably distinct, the sac of the 
amnion is completed, and the liver and lungs 
begin to appear ; the bag of the altantois is wcU developed. The heail; is still that of 
a fish, and 4ho aorta formed by the branchial arches, which had been visible from tho 

third day. The successive changes which 
» take place on tho vascular system arc rather 
complex. Thus, of five pairs of vascular bran- 
chial arches, which at first by»thcir union 
formed the aorta, as in fishes, those of the 
first pair on both sides, and of tho fifth on the 
leftside, s^anydUappear. The fl^ird on soch 
heart; stomach. side becomes the brachio-cephalic jrunks; 

the fourth of tho right side bccon^es the de- 
scending aorta ; whi^ the fifth of the right side, and the fourth of the left side, are con- 
verted 4ito tho pulmonary arteries. Tho very short trunk common to the two pulmonary 
arteries, and also the equally short trunk of the aorta, are produced by^tho trai^foT- 
mation of the sis^e cavity of the origin^ “ bulbus arterosus*’ jnto two distinct canals ; 
and thus this Wjpndcrful metamorphosis is completed. — T/te General StPueiv/re of the 
Animal Singdom^ by Jones, p. 627. '* 

About five days from t^ eommencement of incubation, the vascular layer of the 
gemiinal membrane has spread extensively -over the yolk ; and as the vessels are formed, 
they ore found to converge towalds the navel of ^bryo, ai!d to constituted dis- 
tin^ systmn pf arteries and veins connsiiniGatlng with the and tho heart of the 
lostua^ end fonning a vascular eirale nuxonndiag the yoll^ These vessels arc term^ 
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With the vemel^CO If the vascular area, after 
four days' incubation. ,, 
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ompliaIo>me8en.teric vessels. The omphalo-mesenteric arteries arise firom the mesen- 
teric arteries, and the omphalo-mesenteric veins* return to the vena of the 
chick. 

When the intestinal system has reached some degree of deve]op||Bnt, a communica- 
tion is found to have aris^ between the yolk and the intestine, by a wide duct termed 
the vitello-intestinal dud^> and by which the nutritive substance of the yolk enters the 
alimentary canal for the idimentation of the embryo. By the time incubation is com- 
pleted, the yolk-bag is empty, and the place of ^e duct is marked merely by a little 
csacal appendage. « 

The allantoid membrane^first makes its appearance in the early part'of incubation, 
while the abdomen is stRl open, as a delicate bag derived from the anterior part of the 
rectum ; but it q^uiridy enlarges, so as at lask to line nearly the whole extent of the 
membrane of the shell ; and being thus exposed to the air, which penetrates the shell, 

it becomes an important organ of respira- 
tion. When fully developed, it is copiously 
suppHed with arteries and veins. The ar- 
teries derived from the common iliac trunks 
cort'espond to the umbilical arteries inmam- 
*^mal8, and the veins corresponding to the 
umbilical veins, reach the inferior vena 
^ cava. 

roRMATxoK or TH« ALLANTOIS. ‘ About thc nmetccuth day of incubation, 

'• '■ .t citmmty of He 

r egg is ruptured, the lungs begin to breathe 

the air which it contained, and the vessels of the allantois become by degrees obli- 
terated. On the twenty-first day the chick escapes from the shell, to begin a new 
phase of life. 

On the fourth day tho chick is about four lines in length ; on the sixth day it is 
seven lines ; and then what appear to be voluntary motions are first observed. Ossifi- 
^ cation commences on tlie ninth day, and on thb fourteenth day tho feathers appear ; and 
if token out of the egg, tho chick can open its mouth. 

RepxoAnction In the Vegetable Kingdom. — The first stage of reproduc- 
tion in the vegetable kingdom is the maturation of the seed * t^e second stage thc ger- 
mination of the seed, by which a pew living plant is produced. 

The seed is matured, as a general rule, within tho inferior portion of the pistil or 
female*orgaii, termed sometimes germen, sometimes ovary — the latter term being most 
used. Tbis inferior portion of the pistil becomes, by maturation, the fruit or seed- 
vqsscl, called also the pericaip. Familiar examples of the pericnp are the* cherry, the 
apple, the pear, the poppy-head, the flat pouches of garden honesty, and of shepherd’s 
purse, the French bean, and thc pea-pod. 

If we examine theescvcral flowers in whitch tlicse pericarps form, we Hball find all 
of them aTe*"m6ro enlargements of the base of the pistil— that is, of the germen or 
ovary. 

If the interior of the germen or ovary be examined at an early period, the rudi- 
ments of the seeds ^are found to be already prosent^in the form of minute membranes 
not yet closed in on every side^ The condition requisite for the perfect devdopment of 
Ijiese rudimentary parts into perfbot seeds is the entrance intfr their interior of a pollen 
granule derived from the rSale organ or stamen. The upper part of the stamen, TiAmait 
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aatlier, secretes the pollen, Whic^ being transferred to the upper port of the pistil, 
there finds entrance, and descends through the middle part or stile into the cavity of the 
geimen or ovary, and finally into the cavity of ihe rudiment of the seed. Forthwith the 
seed becomes devefop^ into a perfect part. 

The p^cct seed contains, beneath its exterior membranes, a part destined to 
be developed into the stem, another part destined to be developed into the root, and 
other parts destined to supply nourishment up to tlie period when the new indi- 
vidual has attained sufiSoient development to draw the meaiu of support from the 
soil and firom^he atmosphere. The, nouri^ment containe^d in the substance of seeds 
is starch. 

The conditions necessary for the development of a see^ into a new^lant arc the 
presence of moisture, warmth, and atmospheric air. When put into the ear&i, not far 
from the surface, the seed sw^ by the agency of moisture, and imbibes oxygen from 
tbe air diffused through the wat& of the soil. In proportion as it acquires oxygen, it 
throws off caxhonio acid. The starch during this process is, in part at least, changed 
to sugar, or to a soluble substance more rei^^dly conveyed onwards, as the stem and 
radicle are developed. Besides starch, the seed contains certain saline bodies, such as 
phosphates, and the other miner|d constiti^nts found in organic bodies, which serve 
for a supply till the root is sufficiently developed to draw sMch constituents from 
the soil. Ji * 

Under the influences of these sources of supply, the gemmule, or part of the seed 
representing the stem, at last arises above tbo gnmn^ ind tbc radigle, or part repre- 
senting the root, descends into the earth. Tho parts of the seed destindd^to supply 
nourishment are the seed lobes, or cotyledonary bodies, an^ thi albumen ; the latter 
being present only in certain orders of seeds. When the albumen is •absent, the coty- 
ledonary bodies are proportionally larger. In many plants these seed-lobes, or coty- 
ledonary bodies, rise above ground in the form of temporary leaves, and plainly perform 
for a time the office of leaves, by drawing nourishment from the atmosphere. But ns 
the proper leaves form on the stem, the^cotylcdonary bodies, whether they ascend into 
the atmosphere or remain below ground, shrivel and decay ; and the same thing happen^ 
to the albumen when it is present. | 

When this stage is attained, the growth of the new individual proceeds *on much the 
same plan as in mature plants. 

llfcapitnlation. — Such, then, is an outline tof organic life in tho two great 
deparlments of nature endowed with vitality ; and a brief review of the connexions of 
these two kingdoms of nature with each other, and of their common dependence on 
mineral nature, will form a proper f^nclusion to this section of our treatise. * 

W^have seen tLat the elements which compose the animal kingdom exist in tfic 
mineral kingdom. The original position of these elements is in the roc]cs composing 
the crust of the earth, and in the water which rests on its surface, or in its gadeous 
envelope, the atmosphere. The next p^ition in which these %lementB uo found, pre- 
viously to their heceming part of the substance of tbe^bodies of animals, is in the com- 
ponent ports of the vegetable kingdom— namely, in pgrts of vegetables which servo for 
food to animals, sudi as the roots of the potato, the turnip, the cairot, the patsnip, the 
onion, the leek, the beet^ the lea^^s of the various specji^s of brasfica, q[>inach, p^r^ey, 
lettuce, tho seeds of wheet, barley, oats, and Indian com, rioe,/uid the like. We next 
find these elements advanced to the rank of constituents of fin &imal body, and som^- 
timea passing from one animal body to another. The nexf transition of these elements 
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13 a return to tlic rnmerol state ; not, indeed, for thorinost part to resume their original 
form, if that were the component parts of a rock, but to enter into the soil, or to join 
the waters of the surface, or to float in the air till rcceiycd a^ain into the Tegotable 
kingdom, to perform the same round as before. 

For example, one of the ores of manganese, which when exposed to heat gives off 
oxygen abundmtiy, occurs in thQ oldest strata of the crust of the earth. Thus, an atom 
of oxygen wit^ich has lain fixed in a rock for on incalculable number of ages, majr have 
been set Iroo only a ytar or two ago, and yet if the histoiy of its progress could be 
traced, it would fill a volumes • 

Its first Ci>ndition, aftar being set free from its imprisonment, is a particle freely 
floating in*ihc atmosphere. Wc may suppose, then, that it descends to tho earth absorbed 
in a drop of rain. It unites with a minute portion of carbon existing in tho soil, to form 
carbonic acid, which, licing taken up by the root of sopio useless weed, is conveyed to a 
leaf, and then again set free, — its companion, the caibon, being retained. Wc may next 
suppose that amid a thunder-storm, as it floats high in the air, it is yoked to an atom 
of hydrogen, to forti an atom of wato.', and that it again descends to the earth ; 
now not as an impregnation but as a minute integral portion of a drop of rain. It is 
again taken up, wc will suppose, by the rUdiclo of siu'h a grass as the common poa or 
meadow gross, and tho atom of water being decomposed, it becomes fixed in a minute 
portion of albumen within the leaf of the grass, liy-and-by this Iprass is cropped by a 
cow grazing in the posture ; and the albumen being soon changed to cascinc, it comes 
forth an a ^stitilbnt of milk.^ it is quickly found in a human stomach undergoing the 
process of digestion, ^d being received into tho blood circulates there, to escape, 
pei’haps, fium its pew posScssor by a cut of the finger. 

Tho blood left exposed to the air quickly putrefies, and our atom of oxygen escapes 
from the fibrinc or albumen in which it existed, in company again with carbon, or in 
the form of carbonic acid. It probably soon comes into contact with a leaf, Tor example 
a spinach leaf, and the carbon being disjoined fix)m it and fixed in the plant, our atom 
again becomes free. It now, for the first time^ becomes the victim of respiration, being 
drawn into the lungs of a passcr-hy. Being con'^eyed over his body with the arterial 
blood, after vpassing through his heart, it is quickly found uniting with tho debris of 
the muscular fibres which have been longest in action ; and, returning in the vqnous 
blood to the lung, united with a portion of carbon, is thrown out as a part of the 
expired air, in the shape of carbonic acid. It is now carried high into the ajjr, and 
falling into tho southward current, is quickly found journeying wcstwai'd, with the 
trade-wind) at a lower level and in a warmer region. As it roaches the luxuriant 
vegetation of a West Indian Island, it is speedily Aisjoinod from its associated carbon, 
and again sot free, leaving its companion to form part of tho substance of a luxuriant 
banana. Soaling again in the air, it forms part of the northern current, and in no long 
time is again found fit»to assist tho respiintipn of tho inhabitants of same legion 
from which a^hort time before it had departed in company with a particle of earhon. 

Such is a slight specimen of tho unceasing changes which the particles composing 
organic nature undergo. There is a circulation of partides from the mineral kingdom 
throng the vegetabto to the animal kingdom ; ahd air which tho unfmAl kingdom 
contammates the vegetable ki&gdom purifies. Laldy, the surplus of oontamioated 
ai(, whidi the HmitodfVcgetatloii of temperate countries cannot purify, is wafted to 
fed tho influence of a tropical vegetation, and brought back restored to the required 
state of purity for animal existence. 
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With the following passage from Liebig, one of the greatest names in organic 
chemistry, we diall close our aceonnt of the vegetatiye functions When the vege- 
table kingdom, in the temperate and cold aones, ceases to decompose the carbonic acid 
generated by the processes of respiration and combustion, the proper, constant, and 
inexhaustible sourced of oxygen gas are the tropics and warm climates, where a sky, 
seldom clouded, permits the growing rays of the sun to shine upon an immeasurably 
luxuriant vegetation. In our winter, when artidci|d warmth must replace deficient 
hea( of the sun, carbonic acid is produced in superabundance, and is expended in the 
nourishment of tropical plants. The great stream of air which is occasioned by the 
heating of tho equatorial regions, and by the revolution «f the earth, carries with it, in 
its passage to the equator, the carbonic add generated duiing our win^rs ; and in its 
return to the polar regions brings* with it tho oxygen produced by the tropical 
vegetation.” 

The Iboeomotlon of Ani|iiale. — ^The next subject for dur consideration is that 
Action by which living beings are enabled to move fi»m*place to place. Among the 
lowest orders of animal existences, as in some zoophytes and moUusca, we find those 
which arc permanently stationary, and, likcaplants, unable to Igave the substance to 
which they are attached. And even some of these whd do move about, as the sea- 
blubber, the sea-pen, and many others, do so passively ; and, like the duckweed and 
star-grass among plants, are moved ^ water chiefly by the i^uiients, and tides, and 
winds; but the niftnber of those in whom locomotion is otherwise than active, is 
certainly very small. Again, during one period of their existence, the fixed zoophytes 
do possess a power of locomotion. Thus the young «Ponge, after its separation from 
the parent stei^ for several days swims about as if to find the a;^ropriate q^t to which 
it may attach itself; while the ciHa, or arm-like appendaged( to me action of which its 
locomotive powers oro due, fade and disappear, as if no longer required, after the 
animal has attached itself to the rock. Similar properties are found among the polypes 
lodged m\he madrepores and corals, with which all are familiar. In the hyd^ a 
species of polype inhabiting our fresh waters, for the knowledge of which we are 
indebted to M. Timnbley, of Genova, we find on early example of locomotive 
powers curious in the extreme. If the animal is introduced into a glass, it mty 



he seen, as in the figure, when standing erect slowly to bend its body, dntil its niouth 
touches the suifi^ of tiie vessel; foot is then detachfd^ and brou^t towards 
the head, which is then projeoted forwards, and the process repeated, ifotil a 
petition w obtained. We will pass ever the Infuscdia, so named by being to be found 
in all animal or vegetable infotians, after being kept a sufficient time; th^ are 
all mieroset^e, and not to be aeen by tfae-aaked eye. Their movements are very rapid ; 
and the nuGnMoepe reveala, as is fkmiliar to most perffina, a stnihge and busily Vioving 
mob even in a of water. Among the Hedusss tee remarkable for tiieir 
organs of locomotion, being fiimiahed with an apparati:if not the Atiii of a 
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with which they etrike the water vertically, and give an ascending impulse to their 
bodies. Among the molluscs, the motions of the snail are familiar to every one. They 
ore effected by what is called its foot, or a mass of muscular fibre, situated on the 
strong membrane which contains the entrails, and also attached to the shell. It glides 
along the surface, partly by forming a vacuum by means of thi^ organ, and partly by 
a viscid mucillage secreted by the part. It is thus, also, that some bivalve muUuscs, as 
the common cockle, mussels, razor sheU-fish, and others, progress—the animal protruding 
its foot beyoi^d the shell, and crawling along upon it ; and it is furnished also with 
the same kind of adhesive mucilage, for the purpose not only of steadying its steps 
during motion, but also, as diawn out into threads 'under the name of b/ssus, of pre- 
venting it, when at rest, fiwm being washed away, by tides and currents, ^m the rocks 
to which ii> attaches itself. 

Advancing in this great class, we find some aniinals, as the cuttle, moving by a 
TritiH of arms or tentaci^a attached to their head, and ^ployed as oars, or as feet, when 
moving along the bottom ot the sea. On account of the singular place of attachment 
of the feet, the ftnimala of this, the highest order of molluscs are called Cephalopoda 
(Or. kepKaU^ head, aad poua, foot). With the exception of the pearly nautilus {Nautilus 
pompUiua)^ which has many tentacular organs attached to the head, all other oephalopods 
have eight arms ; to which, in some kinds,*^aa, e. y., the calaxnary and sepia, two long 
and dender tentacula are added, which can he retracted into sheaths. Both the eight 
ordinary arms and the two tentacles are provided with snekers, by which the animal 
can attach itself at pleasure. The paper nautHus {Argonauta)y has but eight feet, and 
one pair of these esepand at thbi# extremities into broad and thin membranes ; the fabled 
use of which has afforj^d a beautiful subject for poetic imagery in all ages ; but similar 
appendages occur ^ Oetopik violaceuSf and in Oetop/m velifer^ in which botb the first and 
second pf&^B of llht support broad and thin membranes at their oxtremities. Now, 
neither of these species inhabit a shell in which the expanded membranes could bo used 
to waft the along the surface of tho ocean, as has been said or sung of the Argo- 

naut, from Aristotle to Cuvier, and from Callimachus to Byron. 

Ilio comparative anatomist, who has devoted most attention to the structure and 
eSonomy of tho doss of Oephalopods, has concluded that — **tho physiologist, in con- 
templating the structuro of the velated arms, is compelled to deny them the power of 
being maintained erect and expanded to meet the breeze. What their real function may 
be is still determined ; but the removal of the erroneous impressions entertained 
on the subject is the first step towards the attainment of truth.*** Since the article 
firom whjpb the above passage is quoted was published, it has been shown that the 
membranous arms of the argonaut are the organs for secreting and repairing the shell. 
This function of tho supposed sails of the paper naifiilus has becnvdeterminGd by the 
experiments, instituted, at the suggestion of Professor Owen, by Madame Power, at Mes- 
sina ip Sicily. ' One of the sails*’ was cut off in several liidng specimens ; the right 

being removed in soipe, the left in others; iiond the creatures were then kept in a 
sub-maiine cage, an4 supplied with fiDod. Some of them suryived the operation four 
months, vrhen it was found that the dieU had grown only on that side on which the 
membifiiumB arm had been preserved. By these and other oWrvations it has been finally 
detennined, not only that the argonaut is the veritable oonstructor of the beautiful and 
dsBoatrfkbdlwhiidiiti^ hht thatits expanded m^branous arms never act as salla 

• See Frotaor OweaV Aftide, ^Oephalopods," Cyelopndis of Aaat. and PhysWU, voL 1. 

(letK), p. « 
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to catch the wind. While the G^ucus, a beautiful little mollusc, of the Indian Seaa 
and Mediterranean, painted in blue and silver, swims 
M'ith great swiftness by its conical and oar>like 
appendages. * 

Passing now to the Annelida, wo find the earth- 
worm progressing by means of setss, or bristles, 
attach^ to the ahin, which the animal fixes on 
tho ^und, while, by the elongation of the 
rings which ^ncirclo the body, ^t moves on- 
wards. Tlien^tlie head is applied and &ed to 
the ground, and the body, by the contraction of 
its rings, drawn towards it. In the fiereis we 
find numerous tontacula as organs of locomo- 
tion, by which, and by undulating inflexions of 
the body, the animal swims with great rapidity : while tho leech, independently of 

^ poweif of swim- 
ming by ordinary 
vermiform motion, is 
*fiimidied with an 
apparatus for suction 
at ettber extremity of 
, , its body. By fixing, 

THR (Hiatmo OFFiciKALis.) • altematefy,* one or 

the other, and drawing its body towards it the animal advancis af pleasure. 

The motion of insects is much more perfect than that of any the preceding 
classes, while a calcareous or homy covering 
gives attachment to muscles of great power, and 
enables individuals to move with immense force 
and velocity. All spiders dart upon their prey 
with great rapidity, while some species possess the 
powc^ of convoying themselves to considerable dis- 
tances by means of threads, which, propelled from 
their bodies, they cling to, and are wafted upon 
them by tho winds. Tho crabs move with great 
rapidiPy on the ground; but, from the constme- 
tion of their joints, they can only progress side- 
ways. Th$ lobsters ^and cray-fish, again, are only 
adapted for swimmipig ; but the muscles of both are 
highly organised and powerful. All winged insects 
have six legs ; and many moreover hav^ either in 
the course of their legs, or at their extremities, 
numerous suckers, by which they form a vacuum 
every time their legs come in contact witii any 
surfme. It is in this way that flies crawl upon a 
perpendicular surface, or on a sxfiooth mirror, or 
walk along the ceiling of a room. The structure 
of these suckers is very beautiful, and is best 
seen in the common blue-bottle fly (Musca vomi^ 



1. Supers of Blue-lwttle Fly. 

2. • „ Great Water Beetle. 

8. „ Yellow Sow Fly. 
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tttHa)^ tho great ■^ater beetle {DUiaciis and the yellow saw-fly {Cimeji^ 

Lutta). But the most remai'kablc organs of locomotion in insects are their wings. 
Of thesoy however, it is sufficient here to say, that they arc ^ moved by muscles of 
immense powers, and that tho velocity with which they are moved is at least as 
remarkable as the force. 

Visliaarf — W o next come to Fishes, most of whom effect locomotion by their fins, and 
of tliosr they;, employ chiefly Uio pectoral and ventral pairs, which ai*e strictly analogous 
to the upper and lowsr extremities of the superior tribes of animals. Some fishes 
effect tlieir progression by tho motion not oil the fills but of the spine ; as the lamprey, 
which has iifiithcir pectoral nor ventral fins, and which seems to move in its natural 
element, tlco mud, entirely by the Jateral flexion of its spine, which it first draws into an 
S-liko curve, and tlien slioots foru'ai'd the anterior portion. Tho same is tho case, 
also, with tlio eel, wlieii it cr('<'ps on land. Others t4igain, as most flat fishes, which, 
like tho lamprey, have neither pectoral nor ventral fins, use their tails principally in 
making pro|;rcss in the water. This operation is extremely simple. Evtirybody knows 
that tlie ordinary way of propelling foi Awards a boat is by rowing ; that is to say, by 
means of one or more priir^ of oars pasa<‘d over its sides, the action of which is exactly 
similar to tho pectoral fins of fishes. But ii; is likewise well known that a boat may be, 
with equal certainty, ,urgcd forwards by what is called sculling ; that is to say, by 
means of one oar passed over its stem, and continually moved m tho water from side 
to side. Now, it is precisely upon this latter princuplo that the tail of fishes, moving 
^ « ** ' from side to side, operates in propelling them forward. 

It is evident that the oar on the one hand, and the 
tail on the other, in this alternate lateral motion, is 
oontinuttlly displacing a quantity of water gnmt 
in proportion to tho length of tho instrument em- 
ployed, and consequently to the sweep wtich it makes 
in its oscillation ; and it is by the resistance which 
Uie water iflakcs to this displacement, by the oar or 
taif, in coming from its extreme sweep to the axis or 
mesial plane of tho boat or fish, that cither is urged 
onwards. “ Let us suppose,” says Dr. B-oget, that 
,tho tail is slightly inclined to the right, as diown 
in the annexed figure. If in this situation the 
muscles of the left side, tending to bring tho tail 
in a right line with tho body, ore suddenly thrown 
into action, the resistance of tho water, by rc-act- 
ing against tho broad surface^ of the tail in tho 
direction P B perpendicular to the surface, will cause 
the musculfi* action to give the whole body an im- 
^ pitlso in that direction, and the centre of gravity, G, 
win move onwards in the direction C B, paraBel to 
F R. This impulse is not destroyed by tho further 
flexion of the tail .towards the left side, because the 
... ^ principal force, executed by the muscles, haa already 

p/ [ ''‘jf r i>een expended in the motion £romR to My in bringing 

' M ^ it to a straight line with the body ; and the force 

MoTiov OF FiBifKs* which carries it on to L is much weaker, and therefore 
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occaBioiis a more feeble re-oction. •When tbe tail has anived at the positiou L, indi- 
cated by the dotted outline, a similar action of the muscles on the right side will create a 
resistance, and an impulse in the dii'cction of K and a motion of the whole body in the 
same direction, C A. ^heso imxmlscs being repeated in quick succession, the fish moves 
forwards in the diagonal, C D, intciincdiate between tlic directions of the two forces.’* 

It should bo added to this description, howeYor,.that fishes in general have the 
power of “feathering” their tails — ^that is to say, of so puckering up^tho lobes in 
their outward motion, as to make them displace as litUo wat<«i* as possible— since the 
eifect of the resistance of the wa/tcr in direction must obviously be that of retard- 
ing their course ; while, on the other hand, they expand those lobes on t^cir return to 
the mesial line, in order that they muygilisplacc as much w'atcr as possible ;• since it is 
upon the re-action of the #atcr in this direction that they rely for their advancomeut, 

^ The bodies of fishes are of veiTj nearly the same specific gravity as the water in which 
they live, owing tq the great quantity of fat which most of ^cra contain ; so that very 
little effort is required to keep them at any given height, and their descent or ascent in the 
water is compaiutively easy ; the latter being Sorther promoted bydhc faculty they pos- 
sess of filling th(!ii’ air-bladder at pleasure with air. Wheft they attach themselves to 
rocks, it is by means of suckers, ns in other»tribcs ; and when tlioy leap from tlio sur- 
face of the water, it is by a sudden and forcible extension of th®ir bodies after a strong 
flexion, — the elasticity of thti wafijr tlius giving them the force of a projectile. Some 
fishes also, as the flying kinds, arc capable of using their long fins in*tlie air almost in 
the manner of the wings of birds — a hundred yards bcit^no unusuolsflight. 

Reptiles ■x— In serpents we find the spine os on organ of locomotion ; "and these, 
unlike all other vertebrata, have only abdominal and caudal*vcrtebrap, the motions of 
which are exceedingly free upon each other. Serpents differ fi*oiii fibhes, in tlie circum- 
stance of their spine Bup])orting their true ribs, os well as in tliat of the bodies of their 
vertebr® bfling attached to each other, not by means of an interposed fluid, contained 
in a shut cavity formed by the juxtaposition of the bones, but by means of a rounded 
head on the posterior part of the body of «aeh, which is received 
into a corresponding socket on the anterior pi^ of the one 
behind it. The spinous processes, also, of the veitcbr® of 
soTx^mts being in general considerably shorter than those of 
most fishes, the motions of their spinal column are not only 
latcrq}, hut in a gi'eat measure upwards and ^owmwaxds 
also ; although some painters and statuaries appear to 
have a little overdone this matter, and to have represented 
flexures o# the bodies of seipents Where no countenance can 
be given to ihonf by anatomy. There arc limits, in this 
respect, beyond which we cannot allow even the sublime 
hand of the sculptor of the Laocoosisto pass without re-v 
proacii. But although the motions of serpents are thus 
very simil a r to those of “ the wandering eel” in its*pcrogri- 
nations on the grass, the former has an assistance which 
the latter has noty and one which appears to constitute a 
link in the transition^of the spme, as an organ of ftcomotioi^ very aitnilar ?o that 
constituted by the bristles of the aphrodita, or sea-mouse, in tijb samo transition in 
invertebrate. This assistance is the ribs, which in ser^nts ore, in fact, organs, not 
so much of respiration — as is the case in most lizards, in birds, and in mammiferous 
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BIBS OF SERPENTS ORGANS OF LOCOMOTION. 


animals — as of progressioii ; and tho raiaing or drawing forward of these ribs corresponds 

more to advancing a leg than to any other motion of animals furnished with proper 

limbs. Not only, then, is the spinal column of 

serpents a means of helping them forv;ards, but the * 

ribs being at the same time drawn towards their m 

head, tho transverse plates on the lower but- ## 

face of the body, with which thby are connected, 

move forward, as it were, like so many feet, ^ 

when the spine and the rest of the body are drawn ^ 

forwards upon them. It is &us that the serpent M f I J ml W 

fulfils the cuAe pronounced upon the first tempter, "tf m mj W 
“ Upon thy belly dialt thou go, aU the days of t£y . m Ml Ml Ml tt 
life.** It is the only “tbeaat of the field**— mother U Mf Mi Mj n 

words, the only terrestrial vertebrated animal— If 11 If 1/ ^ 

which does not employ legs as an organ of pro- I I I *1 {[ 

gression; but the transition, in this respect, ih>m the II \\ V V v 

serpent to those vcrtSbrate4 ^'ninmla in w'nich these ^ \ ^ 

organs are both structurally and ftmctionaljy most 
developed, is extremely insidious, and furnish an- , * 
other striking illustratibn of the axiom, that nature itius ,oj, beuprnt. 

never advances by sudden leaps in her productions, 

and that she knows no chases in the chain of creation. She has given even to the 
serpent akihd of radimentary legs, or, at least, arms, manifesting themselves in a kind 
of claws, situated in <. 08 ^ species under tho common covering of the body, but in some 
few projecting adittle beyond it; and in some kinds of lizards— the snake-lizard, for 
example— the improvement in this respect is hardly appreciable. The legs of this animal 
arc Marcely less rudimentary than those of the serpents ; and, Uke the caterpillar among 
the invertebrate tribes, it probably advances, at least equally, by means of its spine, as 
by meaw of its legs. A further step is gained in tho case of the land salamander, 
prhich, like the centipede, uses its legsi—which are considerably more developed than in 
the snako-lizard--more than its spine as an organ of locomotion ; but its legs are still 
almost as often tUted up into the air as resting on the ground, in the process of walk- 
ing, and it is not until we come to some of the higher tribes of lizards — as to those of 
insects in general — ^that we find the legs exclusively and unequivocally employed as 
instruments of progression. * 

Sonft lizards, also, move up perpendicular surfaces by a species of suction ; the soles 

of their feet, gs in the gecko^being provided with 
a series of soft plates, which, being drawn up at 
pleasure, produce the requisite vacuum. Other 
reptiles— M the tortoise — ^make progress on land 
by crawhng, and the fix)g by crawling and leap- 
ing ; others — as the fiying-lizard— use their ribs, 
not, like serpents, as legs, but as wings. In tho 
sncKBE OF LAOEXTA oxcKo, Water most reptiles use their legs as fishes do their 

« . • • fiins ; and some fif them, as turtLes, keep themsdves 

afloat by a oolleotion ojair beneath their dorsal shield. ' 

• When on laii^ the progression of birds is effected by either walking or 

hopping on their posterior extremities only, birds bemg the only pn^ bipeds among 
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tihc lower ntiirngT^^ ; nnfl they are enabled to keep tbemselvcB erect without effort, Binco 
their centre of gravity correBponllB to the region where tlie anterior extremities are 
attached, owing, in most birds, to the legs being directed forwards, and the toes more 
elongated ; but in Bonq^ — as the penguin and the puffin 
—to the trunk of the body being placed almost verti- 
cally. Birds are enabled to float in the water^ owing 
to their specifle gravity being in general less than that* 
of this fluid, and hence they displace only as much of 
it as is equal to their own weight, according to the 
well-known hf^drostatic law ; and they mftve along its 
surface by the action of webbed feet, Ae swan appear- 
ing to use its wings, in addition, almost in the manner 
of sails. But the characteristic organ of locomotion in 
birds is their wings, corresponding, in their more 
essential parts, as well with the pectoral fins of fishes 
as with ^e forelegs of reptiles and quadiupeds, and 
the arms of man. The motions of these are efficted by 
a mass of muscles, weighing more than all the rest of 
the muscular'systcm of the animal, and arising from a 
breast-bone of a lar^r size than is met with in any 
other class of animals ; the immense power thus acquired being no mpre than is neces- 
sary to enable them at once to support themselves in tht^air, and to move through it 
with astonishing velocity. The former they effect by cftitinually rehUwing the column 
of air below them— and which must be displaced, in order to #llow of their falling 
to the ground— more rapidly than this displacement can take place ; and the latter, by 
using their wings in the manner of oars, while the tail, at the same time, serves them 
as a rudder. In \hi8 way birds are known to have travelled at the rate of sixty, or 
even one hundred, miles an hour. 

— ^To the motion of fishes in the water an air-bladder is essential ; but 
in the cetaceous tribes this organ, as omf of locomotion, is superseded; since, whenthe]^ 
desire to rise in the water, all they have to d<f is to strike a few smart blows with the 
tail downwards, when their heads are naturally carried in an opposite dfrection, and 
w'hem they wish to sink, a few similar strokes with the tail in the upward direction at 
once serve to bury their heads beneath the water, .^reference to the diagram (page 90), 
when viewed sideways, will at once give the e^lanation of this simple feict. 

The tail, being the chief organ 
of locomotion among cetaceous 
animals, is*a most powerful in- 
strument; and accordingly, a 
ship's boat, when struck by the 
tail of the whale, may be di- 
vided, as by an axe, or buried 
beneath the waters. 

The downward and upward 
motion of the tail of the cetaceous ^ 
animals in swimming (attended, 
as it must be, with a correspond- 
ing rising and sinking of the 







t 
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head as it advoncos) gives to mllny of them, as they sport near the surface of 
the water, the appearance of revolving like a v^icel, and has led to veiy &lsc 
impressions respecting the form of their bodies. The dolphin, accordingly, is always 
represented in ancient statues and bas-rclic& as a bciug with a rounded head and arched 
bock ; and there are few who see the animal for the first time fnat can reconcUo the 
slim and tapering creature b(*foro them with the blunt-head cd, round-shouldered figure 
with which their fancy has associated ife Generally speaking, the muscles which move 
tho tail do'wnwards in the cetaceous tribes, aro stronger than those which raise it ; and 
this is .^0 much tho with tho white dolphin, that, according to Pallas, it is accus- 
tomed to bend its tail under i/.s body in swiuyiiing, .aljnost like tbat of a J)oiled lobster ; 
but it is obvious that if tjjo tail bo hold for an instant stationary in this position, while 
tho body i# advancing, the effect will be to doj^css tbo head, for the same reason that 
tho continued inclination of the tail of fishes to thc»right side serves to turn tho animal 
ih this direction. Durtng tho whole sw'(»ep, however, that tho tail is making downwards, 
tho head must incline upwards ; and this appears to*bo another m(':ms, in addition to 
tlicir little specific gravity, by which these animals are enabled, with very little effort, 
to keep the top of tjjcir heads above the^water. Their total immersion in this fluid is 
always prejudicial to thorny and nature has therefore rt'ndercd it a forced state, not only 
by opposing difficulties to their descent, b|it by malyng their muscular motion to co- 
operate with their ligflF^oss in bringing them aj^in to the surface. 

Very few quadrupeds arc capable of moving through tho air — tho bat, the flying 
squirrel, and soute species of lemur being among these, — and this they effect, not like 
tho flying fishc% 
and bird^ alone 
by their anterior 
extremities, nor,* 
like tho flying ^ 
lizards, by their 
ribs, butbywing- 
liko m(jmbranes 
extondedbetweeu 
their antcriqp and 
posterior extre- 
mities, tho mo- 
tions of both of 
which oro requi- 
site to^aJl them 

into action. Quadrupeds in general use their upper limbs onlj^ in eonj unction with 
thiir lower in the act of progression ; but some few, as squirrels and apes, uso them 
also as we do our arms, tho arrangement of their sk(>leton being expressly adapted for 
purpose. In stapdjng, they uso in gonc^l all the four h'gs ; and as the centre of 
gravity is thus preserved without effort, they easily deep in this posture. Some few, 
howeyer, as the kangaroo and jerboa, rest on their hinder logs alone, tho centre of 
gravity flailing In them almost perpendicularly; but such also use their strong tails, like 
another leg, to steady them. £n climbing, some, like the walrus or tho lizard, seem to 
attach themselves toimy aurfiics, by forming a vacuffin with the soles of their feet ; but 
tho majority uso thei:^t:laws for tUs puipose, and those in some tribes, as the sloths 
aiid ant-eaters, are so long,^that they ore almost incapable of walking on a horizontal 
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plane. Their manner of performing the trot, gaUtip, and amble, wo shall not stop to 
describe, but conedude this soction^of our work with a few remarks on 

SLeapla^. — ^Thc leaping of terrestrial animals, from man down to the flea, consists 
of a sudden and forcible extension of the limbs, after flexion, from a medium which 


oflers moi ‘0 or less resistance. The length of the body is thus 
suddenly increased; and as it presses on any unyielding 
medium, it is re-acted upon with a force equal to that with 
which it presses, and an impulse is accordingly thrown into 
it, sufficient to detach it, and project it to n greater or less 
distance. • But ^hilc the prooesfi is of course very much facili- 
tated by the fulcrum Iwung firm, and elastic— -a fact well 
known to opf ra-dancera and vaulters by profcssioi^ who com- 
monly use spring-boards to assist them in their bounds — 
it cannot be effected by terrestrial aflimals from the wat(Ar, 
nor even from soft, bogg>" ground^ unleS'S their bodies be voiy 
light, or their feet very brood, because the ]X)ints by which 
they in general pregs upon their fulcnigi, compared with the 
weight of their whole body, naiflely, the extremity of their 
legs, ayj so smaH as to be resisted only by the very narrow 
columns of Ijiis fulcrum, which therc4>tc, instead of re-acting 
upon them, immediately give way to the pressure which they 
sustain. Such, however, is not the case with fishes, the 
broad flat part of the tail of or, if tljp tad be tapering, 

at least the broad flat part of tbc body which loads to the 
tail, is brought direcdly to bear if)on*tho water; so that a 
very considerable column of resistance, iif proportion to the 
whole bulk and weight of the animal, is c^lod into re-action. 
Kor is it feculiar to fishes to employ 
their tail in the process of leaping ; sonjo 
quadnipods, as the kangaroos, using 
their tails, in conjunction with their very 
long hind legs, to assist their bounds. 

Thu^thoy not only employ an additional 
limb, the sudden extension of which, 
after ^pxion, adds to their impulse ; but, 
pressing with an additional joint upon 
the fulcrum^ they thus diminish any ten- 
dency whieh it may Jiave to yield ^ the 
proBsuTO which tliey impose upon it. 

Both in the kangaroo and the jerboa, or 
jumping rat, and also in the hare, rabbit, 
squirrel, and others, the muscles of the 
hind legs are also greatly developed, 
in order to giye the ffiroe necessary to 
efibet their extended leaps; while the 
fore feet, which are li^e employed in 
locomotion, axe comparatively much 

smaller and shorter* Xn ascen ding a kangaiioo. 
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3iiU this axTOQgojuent is very beneiiciali though it greatly impedes these animals in 
descending one at a rapid pace; thus they seldom^ attempt to run down a hill in a 

straight line — their course is generally diagonal. 
Some insectS) also, use their tail in leaping. This 
is the case with the velvet spring-tail, which 
leaps, by jerking its tail downwards from under 
its body, in the same manner as the grasshopper, 
the froghoppor, or the flea, by jerking down its 
legs; that is to say, by suddenly extending them, 
after they hower been brought to «a state of full 
flexion. 

"WondArful as may be the leaping of fishes, a»d much as the bounds recorded of these 
animals exceed those^which man is capable of irfaking, they fall very short of what 
we witness every day in insects — ^tho grasshoppers anj fleas, for example, being capable, 
with ease, of springing some hundred times their own length. Looking at the com- 
parative lightness of these animals, however, and the favourable nature of the ful- 
dhun on which the^Prest m making theh* springs, it is by no' means certain that they 
employ more musoular power in their vaultings than fishes ; while, on the other hand, 
it is pretty clear thatjthey do not in goncreft exercise #hcm with anything like so definite 
a purpose, or so much precision. t 

It would be improper to leave this subject without remarking, that while some 
invertebrate aquatic animals — ^for example, the cuttle— are enabled to leap out of the 
water by.the sutidcn extensfoL, after flexion, not of their tails, but of their numerous 
arms or other prooesf^s from their bodies ; others — for example, the oyster — effect the 
same action by tsuddenljir bringing together the valves of their shells, by a strong 
muscle situated near the hinge, by which moans a portion of the previously-contained 
water is rapidly expelled, and made to bear downwards upon that in the immediate 
vicinity of the animal, which, re-acting of course upon the sudden pressuifi, communi- 
cates an impulse which forces it above the surface. The feats of the oyster, however, 
in this way are very insignificant, and it is net easy to say for what purpose they aro 
performed. 

In condusion, we would briefly remark, that so nicely and admirably aro the 
organs of locomotion in quadrupeds adapted to each other, that an anatomist, ^om 
the inspection of any one hone of very many which compose the skeleton — in Tnati 
no less than two hundred and forty-six — ^is enabled to infer the general fo^m and 
relations of all the rest, as weU. as of the ligaments which connect, and the muscles 
which msve them. Nay, more : — so intimately does the structure of this shell, as it 
Wfre, of the body correspond with that of the internal parts, thf t from thfs one bone 
he may almost give a description of every organ of the animal— of its propensities and 
its habits. Can this eonreqrandence be Ihe work of a blind chance P or does it imply a 
unity of design, an *e3itent of benevolence, tnd a vastness of power, indicative of a 
ruling Providence— the Architect alike of the star of the Armament, and of the mite 
which plays in the sunbeam— Vhose hand is traced equally in the immensitieB of 
magnitude and of minuteness — the Almighty Father of the Univexse^ and of every 
thing^that astounds ^ delights us in its construction ? 
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SettMs 0 ^ AnliiaAlStf— 'The next Amotion of which we hafe to speak is Sensation ; 
end it will be oonyenient, in the Ibwt place, to deyote a few p^s to a short description 
of the senses in particular, and of the sey ersl organs which, in different fl-niTriftTaj 
the Amotions of smell, sight, hearing, taste, and touch, are respectiyely performed. 
We shall then pass to a general view of Sensation, Emotion, Instinct, and Thought ; 
and conclude our subject with an account of Voice and Speech in Man, particularly as 
distinguiflhed Aom the cries, song, and buzzing of inferior animals. 

BaaalL — In quite the lowest orders of dnimals the organ, if any, epelbifically appro- 
priated to smell is in general ve^ obscure, although some of tliem in which this is the 
case— the cuttle, for example — display tliis Ametion very remarkably. It is, perhaps, 
in most of them, merely a modification of touch, and performed equally b^ every part 
of the surface of the body. ^ In thetnail the seat of smell has been commonly con- 


sidered to be the short 
feelers; but apparently 
without any good reason. 

Insects in general 
smell very acutely ; and 
in them the seat of this 
function has been at dif- 
ferent times suppose^ to 
be their stigmata, or air- 
holes, their palpi, or 
commonly - reputed or- 
gans of taste, and their 
anteunsB, or organs of 
touch in general. In the 
crustaceans^ as the cray- 
fish and lobsters, which 
are among the few of this 
order that have a suffi- 
ciently obvious olfactory 
nerve, it is manifestly 
their smaller antennss, at 
the root of which the 
nasal ^cavities are situ- 
ated. In these animals, 
however, 4UI well in 
all aquatic animals, smell 
is rather a modification 
of taste then a distinct 
Amotion, the vriiicle of 
the impression being not 
air, but water. Sqch is 
also the case in fiiffies; 
in them the nasal cavi- 
ties are situated, in gene* 
lal, on the sides of the 



snout, and are lined by a plaited membnme, sometimes not unlike the teeth of a comb, 
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ACUTE SMELL IN FISHES. 


for tho distribution of tlto pn^ex nerre. Tba distance at which some fishes scent ^eir 
prey is immense ; and |hey are so acutely sensible odorous bodies, that the Tory 
perfection of the fimctiim is often fatal to them. Some kinds of fish are so strongly 
allured by aromas, that by smearing the hand over with them, (mA. immersing it in 
water, they will often flock towards the fingers, and may be easily taken. In all fishes, 
external openings, or nostrils, are very apparent. They generally constitute, it is true, 
only blind sacs ; but their inner sfirfaoe is of considerable extent, and upon their lin i ng 
membrane, a *pair of large nerves, analcfous to the olfactory nerves of man^ are 
distributed. 

lu reptiles, the nasal cavities have both hn intenial and external Opening ; the 
former bein^, hi frogs, turtfes, and serpents, in the palate ; but in lizards, in some of 
which, as the crocodile, they are exceedingly Ion in the pharynx, or musoular bag, at 
the back port of the mouth. « Most reptiles, also, have a kind of a movable lid at the 
aperture of their nasal cavities, by whioh they close ^hom when under water ; this 
medium being apparently but ill-adapted in them to the function of smell. The proper 
vehicle of the impression in reptiles, as well as in birds mid munmiferous animals, is 
air ; and this the fomier draiv through timir nasal cavities during inspiration, effeoting 
the operation by depressing their lingual bpne, and thus enlarging the cavity of the 
mouth. < € . * 

In birds, the nasal cavities are in general yei^ large, their extepal aperture being 
in the upper mandibk, and their intenial in the pharynx. The olfactory nerve is very 
large in camivoroi^ birds, and^ij great size, together with the great length of the nasal 
cavities, serve to explain the immense distance at which some of them — the vulture, 
for cxample->are kno#n soent carrion : it is said to be capable of doing this over the 
whole breadth of tile Mediterranean ! 

The nasal cavities of mammifereus animals run in general horizontally ; but in the 
cetaceous tribes their direction is perpendicular, the outer opening being ^t the top 
of their heads. Many animals of this kind — as the porpoise, the whale, and the narwal 
— are generally regoided as destitute of smelly sineo they have no proper olfactory 
norye ; and certainly the hard and dry lining of their nostrils, like that of the proboscis 
of the elephant, is apparently very Ultle adapted to this sensation. The projecting 
bones, by which the nasal Cavities are, iu most animals, more or less divided, ore, in 
quadnipeds, extremely complicated, being, in most herbivorous species, both variously 
convoluted, and pierced sometimes like lattice-work, and, in most carnivorous, huncl- 
latcd like tlie leaves of a book — a structure calculated, by increasixig the suifaco, 
together Vith the great lenj^ in general of their snou^ and the large size of their 
ollactory nSrves, immensely to increase the acutenesg of their smell. The “ iqjbellectual 
no8S3,” as they are called hy Iiord Byron, of dogs are proverbial ; and the distance from 
which many other quadrupedSy particularly such as ore oamivorous, are sometimes 
attracted by the smelly is wonderful ; white bears, for example, being found to come 
swimming to the Greenl&d ships, when a whafe ia cutting up, fiom all quarters, and 
far out of sight. Some quadrupeds, as tiie hog, the peccari, and the tapi]>— have a 
remarkable power of moving the extremity of their snout ; but this is probably less for 
the purpose of smell than for that of burrowing, &c., their snout being to them, as its 
probososs is to the elei^ant, a kind of hand. • 

In man, the sense of smelling is performed by means of a soft j>ulpy membrane, called 
th^ SohnaidWan membrane* fiill of pores and small vessels, and li«mg the whole internal 
cavity of the nostifis ; it is mdeeat upon tbe septum, or partition between the noatrila, 
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but iluaner in the sinusea, or cayities, hollowed out in the bones about the nose. The 
nerves of the nose being almost n^ed, require a defence from the atmospheric air, which 
is continually drawn through the nostrils, and blown out again by respiration. Nature 
has, therefore, supplied this part with a thick insipid mucus, vexy fluid in its first sepa- 
ration, but, by the air, condensed into a thick, dry, and more consistont crust. By this 
mucus the nerves are defended from drying and from pain. It is poured out from many 
small vessels, and deposited partly into numerous cylindrical' pita, and partly in the 
xuund visible ciyptm or cells scattered all over the nostrils. This mucus ib accumulated 
in the night-time ; but in the day ij either flows spontanqously, or may be more power- 
fully expelle<f by blowing the nose. By1>ecommg dry and harsh, it irritates the veiy 
sensible nerves of the lining membran^ and is then removeS by sneezing. , The tears 
descend into the nose by a channel proper to the muscles, and moisten and dilute the 
mucus. • • • 

Sight^With respect to sight, it is equally doubtful^ as with respect to smell, 
whether there be any specific organ for this function in quite the lowest tribes of 
animals ; although some,of them, as the armej polype, the sea-feid;her, and some coral- 
lines certainly do see, or at least are capable of distinguishing light from darkness, the 
former being always found to move towardi^the light, and the two latter from it It is, 
however, probably by a kind of touch that they do this, rather than by sight, properly 
so called ; and of thif^the numerous papillsQ on the surfkoo of the body may he presumed 
to be the chief instrumeuts ; so, also, the first appearance of distinct organs of vision is 
that of stemmata, as they arc called, or small knobs, rneq^or fewer, p^jecting from the 
surface of the body, as is the case in the Iceoh ; and what are regarded as the eyes of 
the snail, are little more than similar knobs, placed at thet ex^emity of their long 
feelers, and capable of being retracted by the muscles of the latter,* into which they 
descend, as into the inverted fingers of a glove. Organs of this kind may serve, indeed, 
to distinguisb be- 

conditions neees- * \ 

are^ovidedT^ . . * tocip. mi ocrfcw. • 

proper eyes, is ^ 

the ottttle-fish tribe, in which those organs are vmy large an^ prominent. They oonsiSt 

essentially of a dense (^paque globular membrane— the sclerotic coat— filled with a i 



traasparent flmdy eavelopxiig a amaXL lens, and smeax]^ on its concave aide vUJi a liladc 
pigment, the use of which is to absorb the sapeifluons raya of light, and immediately 
under which lies the retina or expansion of the optic nerve. This membrane is per- 
forated anterioily by a kidney-shaped pupil, through which the rays of light are 
transmitted to the retina; and over the whole is extended a second membrane, so 
folded on itself, as to constitute a kind of eyelid. 

Similar to the stemmata of some worms axe what are called the simple' eyes of 
insects ; andbuch are ajione £)und in the spider and scorpion : they seem to be organs 
rather of touch than of sight’ although Ihey have .bfen presumed by ^lumenbach to 
serve to distinguish near qbjects. Very different fh>m these are the so-called compound 
eyes of in^ds, such as are mot with, without any simjfle eyes, in the beetle and 
butterfly ; while others, as the bee, have both. They are for the most part extremely 

B large ; varying, however, between 
! ' Sw8 { \ I I one-sixtieth and one-fourth 

^ \ '' < iSSU' vliJw weight of the whole 

1 uaJQ^ body. Their stnictuie is eminently 

(Cum beautiful; consisting, as they do, 
ijot of coats and humours, but prin- 
^ ^ series of pyramids of 

As^^Rym wiSO nervous substence connected toge- 

a * a ^er, the apices being on the bul- 

«« 4«d JL .. %Au «E. rf the 

aa , antexuin ; A, facets ralarged ; B, the same, with hairs eud the bases, mvestod each by a 
growing between them. f:Tiin1r transparent membrane of a 

hexagonal shape, at the oircumference of the eye. This membrane, presenting thus 
numerous facets, which look in every direction, is called the cornea, and seems to be in 
insects the only instrument of refraction, the images of objects being meet probably 
impressed, by this means, directly on the base of each pyramid, which is thus a kind of 
distinct eye. They have no lens and no pupil, /)r rather the whole surface of the cornea 
ib one lor^ pupil, there being no opaque coats *10 render a proper x^ipil necessary ; and 
they are destitute both of ey^ds and of muscles to move the eye, the numerous direc- 
tions of the facets of the cornea rendering the latter superfluous. How strikingly 
different is this description of eye which characterizes insects which fly, and require 
therefore an ample fleld of vision, ffom the simple eye found in the grovelling kinds, 
which either do not see, strictly speaking, at all, or certainly only quite contiguous 
objects I JFHirther, in insects which fly by night, like the moth, there is, in place of the 
blach pigment lat^y menrioned as fbund in the c«:ttle, a substance of a resplendent 
gr^n or silvery col^, serving not to absorb, but to reflect the rays of light ; and Ihus 
ftnAhJmg them to see by a much mope obscure ligh^ would otherwise have been 
neoessaiy. « ^ , 

Among vertebrate axdmals, firiies have an eye somewhat similar to that of tiie cuttle ; 
consisting essentially of a sphmifial sclerotie coat, containing the chief humour of the 
' eye, a lens which, as in the (hittle, is ahnost globular, and a retina, which is often 
plaited, aa it were, into numerous fedds, airanged like the meridian lines cm a globe. 
They lave, however,^ additiao, a j^per cornea Use insects, presenting, not indeed 
numerous fkoets, but fma uniformly convex surface, althougli the convexity ia very 
8if|$it ; and they have fhijt^, what iuaeots have not, a perfectly fanned iris, or ciieular 
ourtoih^ plMiBid beisre ffm lena, in which, and not, as in the outde, in the sclerotic coat, 
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t]?ke pupil is situated. The rays of light accordingly traverse, in these animals, first the 
transparent cornea, and afterwardla, in order, the anterior portion of the humours of the 
eye, the pupil, the lens, and the posterior portion of these humours ; by all which, 
except the pupil, they are more or less refracted, till they are at length brought to a 
focus on the retina. The chief peculiarity in the eyes of fishes, as contrasted with those 
of the superior tribes of animals, is the comparative fiatness of their cornea, and con- 
vexity of their lens ; it appearing to have been the olQect of nature to effect the neces- 
sary tfefoaction of the rays in them principally by the latter ; the iris; moreover, in 
fishes, is almost entirely motionless, so that tho sixe of theif pupil is always nearly 
the same. *ln general they *aro destituto also of proper eyelids; the eyeball 
moving behind the common integuments— to which it is*attached b^very relaxed 
cellular tissue— as behind a piece .of fliin glass or horn. In some few ^shes, how- 
ever, as the sun-fish, Cuvier has found a regular cii^ular eyelid, the opening an 
which is contracted by a sphincter, and expanded by flvg radiating muscles. The 
direction of the eyeballs is usually outwards ; but in some few fishes,' as the star-gazer, 
it is upwards; and in tl\e plaice, flounder, dab, halibut, turbot, ftc., the eyes are placed 
both on one side of the body— an isolated instmioe, according to Siumenbach, of a want 
of unifimnity in such organs. The objec1| however, of such an arrangement in this 
instance is obvious, for as these Vnimals, destitute as they are «of an air-bladder, are 
destined to continue always with onebide in the mud at the fiottom of the water, an 
eye on this side woidd have been superfluous to them. The most singular situation of 
the eyeball, however, is that of the Surinam sprat, th^jgrbit extendmg in this fish so 
far above the head, that the eye, as the animal swims near the surface, is partly in and 
partly out of the water; and all its parts correspond with IhisSstrange structure, tho 
pupil being partially divided into an upper and a lower portion, and the lens consisting 
of two globes, an upper and a lower one, attached together. It appears that the 
superior pqft of the eye is, like that of terrestrial animals, adapted to refract rays trans- 
mitted by air, and the interior part, like that of aquatic animals, those transmitted 
water ; and that the refracting power of the several parts of the eye is accordingly much 
less above than below. It remains only to remark, that in some fishes, as the dcate ai^d 
fihark, there is, as in insects that fly by night, a resplendent substance at the bottom of 
the eyeball, instead of the blade pigmmit which is usually found there ; its uso being 
ratUer to increase than diminiah the number of rays which foil upon it. 

The eyes of reptiles in general do not differ materially from those of fishes, except 
that they appear to possess the power, of which those of fishes axe destitute, of adapt- 
ing themselveB to refract rays as transmitted either by air or by water. We ba^ already 
hinted, v^Jien speaking of the singular eye of the Surinam sprat, that th^ refracting 
power required is different in those two cases, as any one may satisfy himself by 
attempting to dwfcjngiyyib minute objects placed in water, with his^head likewise 
immersed in this fluid. The reason that he cannot do this, is because, t^ugb tUSere is 
a sufficient difEerence between the den£ty of the humours of Ifis eye an^^that of the air, 
to bring the rays transmitted by the latter to a focus gn the retina, there is not a sufficient 
differenee between the density of these humours and that of water, to do the same by rays 
transmitted through this fluid, so that such rays are not brought to a focus sufficiently 
soon. Hence, divers in some places are in the habit, wb^ they dgsoend into the grater, of 
using extremely convSGc glasses, in shape almost lilra the lens of fishes, and turning their 
eyei^ by tills means, as it were, into those of an aquatic ahimaL But how do reptilei 
manage tiiia? NotbyuringspeetahleB, nor by iiicreasiiig%ie density of their humoina; 
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but by jncretaing ili9 distance betireen the oonkeaaadxetixia--^lucli they eifl&et by com- 
pressing the globe of the eye by proper musdes givea'to them tor that puzpose--«o that 
the rays which, from the defectLve refracting powers of their humours, would have other- 
wise fonned a focus beffond the retina, now form a focus upon it. When again in the air 
they rdax these muscles, and the retina again approaching the cornea, still receiyes the 
focus of the rays, which, as passing now through air, are sufficiently refracted for the 
purpose. 'Whether we regard, then, the heart and blood-vessels, the respiratory organs, 
or those of thetsenses, in these tribes, we trace equally distinctly the main object w^rich 
nature had in view in thdir construotiem. The motions of the iris in reptiles— now for 
the first time perceptible — are ^till extremely lAnguid^ and the femn of t^'pupil is very 
various, being^bomb-shapefi in the frog, vertically oval in the crocodile, &c. ; but this 
probably miikes no difiercnce in the phenomena 6i vision. 'VTith req>ect to eyelids, all 
reptiles are fuxnidied mpre or Jess perfectly with these, excq>t serpents, which, in being 
destitute of propar eyelids, pesemUe most fishes. ThA diction of the eyeball is, as 
in most fishes, commonly outwards ; but in the crocodile it is, as in the star-gazer, a 
little upwards as well as outwards, obviously for tho purpose of^enabling the animal to 
see its land prey, as it* float^ieisurdy just*beneath the surface of the water. Beptiles 
have also, all of them, again excepting serpents, another organ which all fishes want, — 
namdy, a lachrymal glgnd, the secretion from which Krves to bedew the unterior part 
of the eye with moisturcT, and thus to facilitate the motions of th^ eyelids. Such an 
organ would evidtsitly have been quite superfluous in fishes, which are always under 
water ; but it is particularly nqpessary in amphibious animals, whidi, when on land, 
must furnish frenu their own lesouroea a fluid so abundantly supplied to them when in 
the water from without. ^Hiis gland is accordingly of immeoBe size in turtles } and 
tho allusion to crowdile’s tears, as flowing easily and copioudy, is fftmiligr to every- 
body. 


The eyes of birds axe xemarkable principally, like the compound eyes of hssects, for 
great size, the use of this being in both tlxe same — that of enabling them, when 
on the wing, to see objects at a great distance. 'With respect to the eoinea and lens, 
th^y are direotly (q;»posed to those of fishes } sinoe, while the cornea is comparatively 

flat, and the lens almost globular in fishes, in birds 
cornea is remarkably prominent, and the lens has 
convexity. The motions of the iris in dost 
^ extremely rapid, and in some apparently 
W voluntary. The pupil is in some, as the dove* and 

the goose, transversely oval, while it is verti 
oally oval in others: generally fpeaking^ indeed, 
it has the finmer shape in hefoivorous mimnlay 
whether birds or quadrupeds, and the latter in cami- 
rcanuA ill birds have pxioper eyelids, the lower of which alone is movable ; and 
they have, in action, anfitber membrane called Snembrana nictitans, which is merely 
n movable frld of the external m^brane of the eyeball: it is not quite proper to 
birds— being found also in some fishes and rutiles— but it is most remarkable in 
With yeiy few exceptions— the owl among others— the direction of the eyeballs is^ in 
birds, oi|^wsid». Suohjbirds also^ as weU as insects and fishes, as go in aeaieh of ^eir 
prey by ni^t, like the owl, have a shifting substance at tho bdtdm of the eyebaB, for 
tlmjpiixpQse already alludlsd to. in some birds with idercing sig^t, as the fidoon and 
arana^ mfe has one of its snr&ces folded into aumerous plaits, 


LAvaBAiiSifr nux vnw or xtsbau. 

OP OWL. 

0, yetj conrex cornea ; A, selerotic 
toatf surrounded at e, by bony 
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bearing tbo same tnlation to the ojihor os tbe leares bear to the back of a book ; and the 
extent of surface thus gained may be easily imagined. 

Among the mammiferous animals^ the cetaceous tribes, as we should expect from 
their habits, have eyes very similar to those of fishes; the cornea being compara- 
tively very flat ; and the lens almost globular, while they are destitute of proper cyc- 
Uds-lfi Icin tl of membrana nictitans alone supplying their place— and of a lachrymal 
gland. In the other tribes, the comparative convexit^f of the cornea and lens is intcr- 
medi&te between that of these organs respectively in fishes and birds ; whde the motions 
of the iris aro^the mean, as it wefe« of those of reptiles ai^d birfts : in some quadrupeds, 
moreover, as the cat, they seem to be m some degree voluntary. The form of the 
pupil is transversely oval in the pecora and solidungula, and vertically ovJl jn the Feras. 
The direction of the eyeballs is in. most mammiferous animals outwards; in the ape, 
however, baboon, monkey, and some few others, it is, aa in nan, directly forwards : 
ilirther, in some quadrupeds, & the camel-lcopard, the* eyeball, though naturally 
directed outwards, may be turned so far backwards as to enable the animal to see dis- 
tinctly behind it. Like the nocturnal animal|, also, of other tribes, quadrupeds which 
prowl by night, such as the lion^ ly^y cat, bat, &cs, have the structure as 
already more than once describe^ calculabid to enable them to distinguish objects in 
comparative darkness. On the other hand, where the habits of Jhc animal are such as 
to exclude it altogether from the light^ as no structure of the eye could have compen- 
sated for the want of this essential condition of sight, nature has denied them a visual 
apparatus altogether— as in the case of the mole, whicl^ has no optic |ierve, and an eye 
BO small, that its existence has been doubted ; but whatever be its size, in all animals 
the eye is a perfect optical instrument, and admirably adapted the circumstances in 
which each species is placed. We know it to be composed, as we sh^ hereafter see, of 
membranes and humours of different densities, so that they may transmit and refract 
the rays ofrlight with the greatest regularity and exactness. In the eyes of all ani- 
mated beings, we see the wisdom and beneficence of the Creator. If the animal dwell 
in water, the cornea is flat, and the leni^ spherical ; if on the surfbee of the earth, we 
And, on the contrary, the cornea more projecting, and the lens more flat ; and again, ^f 
it wing its airy flight above us, its cornea is the most projecting, and its lens the flattest 
of all. ... 

keaxlng* — ^In Iho very lowest tribes of animals it appears that this function, like 
those of smell and sight, is merely a more deHoato kind of touch, and performed equally 
by the whole surface of the body. The greater number of animals of this description 
have no obvious auditory apparatus, the cuttle being among the few excwlHons, and 
frimiriung perhaps the best example of an ear in its rudimentel state. In this animal 
it consists merely a membranous bag filled with liquid, situated in a tubercle of*the 
cartilaginous ring which suirounds the g^ullet, and suiroundod on all sides by cartilage. 
Upon outer surface of this bag is ^stributed the auditory nerve ; while, witlun the 
liquid which it contains, ore some little pieces of earthy mat&r, presimipd to be neces- 
sary to tender the vibrations of the liquid, on which«oUnd depends, STiffioiently forcible 
to make the requisite impression on the nerve. 

In the greater number of insects, also, the auditory apparatus is very obscure ; 
although it is certain that they dd hear, and even very-^utely. •The immediate seat of 
the fhnotion has been presumed to be the membrane which conpects their antennas with 
the head— but spiders hear which have no autenzus, and j^shoppers after these have 
been zemoved. In all likdihood, it is, in the majority or ihseets, merely a variety of 
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touch, md common tiberefore, to the greater part of the surface. In such animals as 
present any appearance of a distinct auditory appoialhs, as the crayfish, it is yery simi- 
lar in its stooture to that of the cuttle ; oonsisting, in like manner, of a bag fiU^ with 
liquidr—situated, in this instance, in a bony cylinder at the root o(,the larger antennse— 
an auditoiy nenre expanded upon it, and some pieces of earthy matter in the liquid 
which it contains. In the cray-fish, however, unlike the cuttle, the bag in question is 
not surroimded on all sides by thO hard mass which contains it, but is near the surface 
of the-body, in contact with a thin membrane—tho first approach to the external pasts of 
the auditory apparatus, & met with in the higher tribes of animals. 

Nor is ^e auditory apparatus of most fishdb much foss simple than that of the inver- 
tebrate aninuds. The mefbbranous bag, however, above spoken of, is connected in 
general with three semicircular canals, of a simildt sifucturc, and fumisbing more space 
fo{ the distribution of tlio au^jltory nerve ; and the earthy pieces, within the liquid con- 
tained in this bog, have begun to assume the appearance of regular bones. Still, in 
most fishes all these parts are buried within the skull, and send no process to the 
surface ; in some of the oartilaginous tribes alone this bag being prolonged to the upper 
and back part of the head, irbere the blinh termination of it is covered by the common 
integuments of the body. One fish alone— the lepidoleprus trachyrynchus— presents 
any appearance of a cap^, proceeding from the surfacS to meet the internal parts, as in 
all animals above the fauk of reptiles. But thib extreme simplicity of the auditory 
apparatus in flshei^and other aquatic animals, is precisely what we riiould have looked 
for in beings destined to bear^hrough the medium of water ; the vibrations of which, 
being so much more powerful &an those of air, would render the complicated apparatus, 
requisite in terrestrial cmij^als, in them superfluous. 

Accordingly, ibis in reptiles that we meet with, for the first time, more or leas con- 
stantly, not indeed a oanal leading from the side of the head towards tho ear— which 
none of them have— but one leading from the back of the pharynx, to foigi a Cavity, 
interior to which all the parts already described are situated. cavity is called the 
tympanum, and contains more or fewer distinct bones, moved by proper muscles, and 
se^pixig to increase the impulse derived from thd vibrations of the air, and to convey it 
to the internal parts, which now take the name of labyrinth. Some additions, also, ore 
now made t(f this; for, besides the throe semicircular canals, already described as 
branch in g from the common hag in one direction, there is now a second series of 
of a very complicated structure, called cochlea, branching in one another, and affording, of 
course, still further space for the expansiou of the auditory nerve. It is true tliese*^parts 
ore not oammon to aU reptiles ; serpents, for instance, having no tympanum— although 
they have f small bone, analogous to those which, ig other reptiles, are situa^ in this 
cavi^, but which, in serpents, is lost in the muscles of the jaws— afid none but some of 
the Ughest opiers of lisards, as tho crocodile, having a cochlea. The last-named 
an imdl , moreover, makes the first approach to the well-known appendage to the ear, 
technically oalM the pSnfiia ; being fumisbed wfth a kind of external flap, with which 
it bloses iiiB aumtory apparatus at pleasure. It is in this way, probably, tliat the ptiiwai 
excludes too intense sounds vriien under water; but it appears that the greater number 
of airqjhibious an im al s are capable of adapting their auditory apparatus, at least par- 
tiaUy, tg the mediura Ip which t^ey are, by putting ail the parts upon the stretch, by 
nmans of the muaedes already ipokmio^wlmn in the air, so as to Qualify them to receive 
slighter by throwing thmu all into a state of relaxatioa when under 

water, eo.he to them^om bemg stunned by more powerfrd nntM, 
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In birds at length we meet with constantly a short canal, leading from the side of 
the head, and meetmg that oominj from the pharynx, in the tympanum. They haye 
but one bone in this cavity; and the general structure of the parts of their labyrinth is 
very siinilar to that of the higher orders of reptiles. Birds in general want a proper 
pinna, or ear-flap, its place being commonly suppli^ by a small tuft of feathers : the owl, 
however, has something very Bimilar to this part as found in mammiferous animitltt. 





BARS OF BIRDS. 

a. Peregrine FalSon ; 6, Day owl ; e. Tawny owl ; d, Long-eared owl ; e, Bam owl. 

• 

The auditory apparatus of the mammalia is in ge^^l little more than a greater 
development of the same parts as are found in birds. The bones within their tympa- 
num are from two to six in number ; and all have a pinna exQpptWihe cetaceous tribes— 
in which it would have been superfluous, from the vibrations of wateF being too strong 
to require to be collected by this moans — and some others, which either dwell much in 
the water, as the shrew, or burrow under ground, as the mole, in which, for an obvious 
reason, it is still less called for. The shrew, however, is provided with a kind of flap, 
like that of the crocodile, the principal use of which seems to be, so far from increasing 
the intensity of the impression, to diminish it when the animal is under water. Tly) 
great sise of the pinna in some quadrupeds, and the frequency and rapidity with which 
they move it in any direction, are familiar to everybody ; and may well account, in 
conjflnction with the complicated and delicate structure of the internal parts of the ear, 
for the extremely acute hearing which they enjoy, «nd which is so necessary, in many 
instants, to their security. Hence, a frequent and rapid motion of the ears is, in all 
animals, with Justice regarded as indicative of a timid disposition. We do Rot hero 
allude to tj^e organa of sight and o^hearing in man, since their description *wiU more 
appropriately uifter our treatises on Optics and on Acoustics. • 

Tasto is certainly, not only in the lower, but in all tribes of aniqpals, merely a 
more delicate kind of touch ; and is situated, for the most part, not exclusively ih the 
tongue, palate, or any other individual m^an, but in the whol^ interior of the mouth. 

Although, therefore, in many animals, as the snail, cuttle, and fldies in general, as 
well as in some individuals of the superior classes, the tongue is hard and cartilaginous, 
and apparently very little adapted to this frmetion— nay^ although it is, as in the flying- 
flsh and gar-pike, ^together Wanting— we have no xeasqii to bdliege that they aig desti- 
tute of taste ; and the kame thing may be said of the numerous in which the 

tongue is covered, more or less perfectly, with prickles, or dVau with feathers, like the 
toucan, or scales, like one kind of bat, which must, in a greaf measure, obviate the oontaot 




* TONGUE IN FORM OF A BUCKING TUBE. 
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it of Bftpid Bubstanoes. The immediate instrument of taste seems to be certain 
pointed projectionB} called papillse, with which the Vholo membrane lining the mouth 
is more or leas abundantly furnished ; and that organ will be, of course, in all animals 
the principal seat of this function, on which these papillse are most copious. In man 
this is the tongue, the papillm of which are larger and softer thacn those of the skin, 
perpetually moist, and performing the office of touch more exquisitely than the omnil 
and dry cutaneous papillse. In tlio greater number of animals, also, it is unquestionably 
* jA the tongue ; and this organ is in some, as the hco and>hum- 
ydS * ming-bird, rolled into a sucking-tube, and therefore not only 
Bubservient to tastdj but also to imbibition ; and, accordingly, 
« V' ^hen the lips take the same form, as in the wared whelk, and 
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▼ ugjl various kinds of fly, wb may presume they are an organ, not 

^ only of imbibhiod, but of taste. Acuteness of taste seems to 
™ • be much promoted by a copious flow of saliva, by which the 

, sapid particles are dissolved; and it nmy be presumed, therq-. 

fore, that it is much greatqir ui the herbivorous than in the carnivorous birds and 
quadrupeds, as Indeed the ndScesslty which the former are under, but from which the 
latter are exempt, ofsdistinguishing wholesome from deleterious herbs, would seem to 
require. Camiverous animals, on the other hand, are directed to their food principally 
I by the smeU. 

Touch— the most g^cral of the sensations, and of which all the rest are perhaps 
only varieties— is, collectively speaking, the whole surface of the bodies of animals ; 
although it is in each much more dclicato in certain parts of this surface than in others, 
9wing to the greater number of papills with Which they are furnished, and which are 
generally the immediate instirumcnt as well of touch as of taste. The common integu- 
ments of th^ bodies of animals in general consist principally of the scarf-skin or cuticle ; 
a substance immediately below tliis, called corpus mucosum, of which the rinili. and 
hairs are merely modifications ; aqd the true skin or cutis, seat of the papillee in 
question ; and there are few aniroals, even of the lowest tribes, which have not all these 
envelopes in one form or another. In the armed polype indeed, the aea-blubber, the 
slug, the Warth-worm, and many similar animals,^ the cuticle takes the ffirm of mere 
msicilago ; while in the corallines, on the other hand, it assumetf that of a calcareous 
mass, by wh^ch their bodies are invested. In others, again, it is the corpus muoosum 
whidi gives them their earthy covering, a proper cuticle being found exterior to it, as 
in the sea-urc^m, the stftr-fiBh, and all the teltaceous tribes : the sharp prickles, also, 
on the shell of the sea-urchin, a|well as the hairs of the earth-worm, and numerous 
other animals of this tribe, are merely modifleationB of the same substance. A proper 
cutUieems, indeed, to be wanting in &e corallines, as well as in some other of 

qtflte tj^e lowest oide^B ; hut in^ testaoeous tribes, gs the oyster, the cloak is probably 
a modification of this part, end it is accordingly upon this, or some corre^onding organ, 
riiat the tmtaoula, or ifiunediate instruments of touch, are commonly met with. The 
penpfrarion from the surfifte seema to bear the same relation to touch as the saliva 
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bears to taste ; and there are, therefore, few animals which do not perspire in one form 
or another. In some of these tribes, as the sea-blubber, the perspired matter is said to 
be luminous ; and it is to this cause that the sparkling appearance of the sea by night 
iu some places has beeif attributed. 

In insects, the cuticle is always membranous; while it is the corpus mucosum 
which constitutes their homy or calcareous sheaths, an4 forms, also, in some, as spiders, 
flies, gnats, bees, and butterflies, the fine hairs, feathers, or scales, with which they arc 
^in cer&in parts invested. The proper cutis, again, is below this, constituting, iu the 
lobster, for example, its membraaous pelade. This paii is, however, so completely 
defended, for the most part, from the contact of external substances, that to^ost insects 
ore given in addition antennae, palpi, ^iirhi, &c., called in general feelcrsf situated 
commonly about the mouth, and thc*chief seat, in them, of the function of touch, 

• • • 



▼ABlOVStV FOaiTBD AMTZNMJB OF INBSCT8. 


The ciiticlo is membranous also in fishes, and immediately invest their scales, as 
well as the bristles of the stickleback, the tubercles of the sturgeon, &c., all which aro 
formed by thb coipus mucosum. Under this is the cutis. 

Not only are the smell and taste of fishes very acute, but their touch not less so 
than that of animals in general. It is fstonishing, however, what an extreme degree 
of heat some fishes can bear. In the thermal springs of Bahia, in Brazil, many small* 
fishos were seen swimming in a rivulet which raised the thermometer eleven degrees 
and a^half above the temperature of the air. Sonnerat found fidies existing in a hot 
spring at the Manillas at a hundred and fifty-eight degrees Fahrenheit ; and Humboldt 
and Bc^pland, in travelling in South America, perceived fishos thrown up alive, and 
apparently in health, from the bottom of a volcano, in the course of its explosion^ along 
with water and heated vapour that raised the thermometer to two hundred and ten 
degrees, being but tw^ degrees belo'w*the boiling point. 

The bodies of most fishes are covered with small brilliant plates of a homy nature, 
called scales ; but in certain kinds these are wanting, as in the turbot, in pl&ce of which 
are found osseous or cartilaginous protuberances in some specif s,« and in others a very 
smooth skin, without scales or rugosities, but covered with a thick gelatinous secretion. 
It was observed by Steno, in the skate, that this slfiny matter was poured out from 
numerous orifices regularly placed near the surface ; and Dr. Monro has recorded his 
discovery of a very elegant stmeture fbr the preparation of this mucus between the 
skin and muscles. * The i^relion is* so viscid that it is wfth great difficulty pressdl out. 
There is a species of carp — the rex cyprinorum of Limueua— t}iat«eems to hold a middle 
place between the rough and smooth skinned fish ; the uppqr part and back is covered 
with scales, while these are altogether wanting on the lower part and belly. 
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In iieptileB tho cuticlo is sitlier znembranous, pr, as in the fcog, consists merely' of 
xniicilagOy as it does in many worms already noticed. The corpus mucosum in these 
ftTtimfllii assumes the form either of a soft viscid substance, as in frogs ; of a homy shield 
as in tortoises ; or of scales, as in serpents and most lizards ; sonSe of the latter, however, 
as the crocodile and alligator, have it again in the form of hard plates, like the shields 
of tortoises. It is of the coipi^ mucosum, also, that tho claws of such reptiles as have 
thmn are constituted. The proper cutis is situated under this ; and as the papillas of 
this organ kre most i^umerous about the soles of the feet, we must conceive that it is ^ 
in this part principally that ^he touch of rej^tiles is rf sident. , 

The perspiration of ^ptilcs is in gencr^ very copious ; that of tho salamander, for 
example, cbeing so much so, as to extinguish ^ame, and thus to have given rise to the 
fable of its being capable of living in the fire. In some, as the toad, the perspired matter 
Is of a poisonous quahty ; And in one kind of lizard it is so acrid as to blister the fingers. 

In birds, the cuticle is again membranous ; while tho corpus mucosum assumes the 
form, upon the mandibles, of a bill ; upon the body in general, of feathers ; upon the legs, 
of scales ; and at t^o extremity of theatoes, of daws. Undtr this is the cutis, which, 
abounding in papiUee, moA in general below theibill, particularly in the swan, goose, and 
duck, may be presumed to render this organ the moig^ sensible to external impressions. 



Biu. Aim TOKova or wild i>ucx« (Anas bosoMi), ^ 

« 

In mammiferous animals, the membranous cuticle covers a corpus mucosum, gene- 
rally of A soft visci^ consistence, hut in some few animals of this dass, as the rhino- 
ceros, armadillo, scaly ant-eater," dro., assuming the form of hard plates, like those of the 
crocodile and alligator. It is ofsthe corpus mucosum, also, that are constituted, in some 
few, as the duck-billed a perfect bill ; and, in the greater number, the hair, fur, 

wo6i,hxiBtleB,qui]]s,&o.,wlthBomeoneorother of which their bodies axe covered; as well 
as thwhonis, daws, koofe, ftc.|ifwith which many of tllem axe fhmidied. The cutis, lying 
under this, is, in all, ^ organ of tou^; which is most acute, fii the duck-billed anhnal, 
tQpon the hiU; in the tSunivoroas tribes, at the root of tha whidters ; in those with 
motabfe snouts, as the mde, hog and dephant, upon that organ ; in the bat, upon the 
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membrane between their fingers, commonly oaileci their wings ; and in most of the 
Glires, as the squirrel, as well as on apes other animals of this description, at the 
tips of the fingers ; since it is in these organs respectively that the papillss are most 
abundant. It is unnecessary to point out how admirably this corresponds with the 
habits of each of these* animals ; and the delicacy of touch which somiq <xf them enjoy in 
the organs in question is wonderful— an elephant, for example, being able to distinguish, 
by the tip of its trunk, between the most minute objects, and a bat being capable, 
•thougji deprived of the use of its eyes and ears, to di^t its rapid flighi; through the 
most intricate places, the touch alone of its membranous wings«ufilciently apprising it 
of the contiguity of objects, and thus enabling it to avoid fiiem. 

OoBBciovumeM. — ^The animal functions, or functions of relation, are cur^ntly spoken 
of as the fimotions on which consciousness peculiarly attends. The states of consciousness 
are thevarious states of animal beilhgln which the sense of existence is present. Thus every 
exercise of mind in man is properly described as a state of cBnsciousness. All his sensa- 
tions, emotions, appetites, and desires, are so many states of Sis consciousness ; since the 
feeling of existence is an essential element in all these several affections. The exercise 
of locomotion, in obedience to vohtiou, is a slnte of consciousnossq and'even involun- 
tary acts, such as yawning, sighing, hysteric laughter, an^ the hke, come under the 
head of conscious acts, or acts inte which, db an element, the sense of existence enters. 
Hence, it may be inferred, that, in the lower animals, acts of pure instinct, altogether 
independent of anytSing like volition, are often states of consciousness. Thus man’s 
animal existence is made up of a long succession of states of consciousness, scarcely 
altogether interrupted even during sleep. » 

The analysis and methodical arrangement of such states of consciousness constitute 
the proper business of the philosophy of the human mind.* Of loqpmotion and the 
senses of animals we have already briefly spoken ; and, for the present, a few words 
mifet sufiBce on sensation, emotion, reason, instinct, and thought. 

SeimtloBL is a mental foeling, or state of consciousness, to which, however, certain 
corporeal preliminary conditions are essential. When the point of a needle makes the 
slightest pimcture at the surface of the skin, a sensation takes place. The feeling of 
pain combined, if one so may speak, with a sense of existence, constitutes this sensation^ 
distinctly entitled to be termed a state of consciousness. But there is also another 
element in such a sensation, which does not manifestly enter into every state of con- 
sciousness. That other element is, that the consciousness has a local seat ; that the 
consciousness of pain is felt to exist at the point where the needle has pierced the skin. 
But anatomy quickly teaches us that the sensible point which the needle torches, is 
not the independent, although the manifested seat of sensation. It is found, that such a 
point of fhe surfaca of the body 8nly remains sensible on condition that nervous 
filaments extend to it from the nervoiu centre, that is, from the brain or spii^ mar- 
row ; that such filaments are entire and unbroken ; and further, if sucH filaments be 
divided, compressed, or otherwise seriously injured, that a needle may be thrust into 
the part without the production of any mental feding whatever. In ehort, it is dis- 
covered by a little investigation, that when an imj^ssion, such as that made by a 
needle, affects the textremity of a nervous filament, a corresponding (diange occurs in 
the point of the brain, or spinal iqarrow, to which that nervous filament extends ; and 
that this ch a n g e in the nervous centre fails to oocid*, unless ^e nervous fillEunent 
concerned be entire in its whole extent. The singularity h^re to be observed, is, that 
although the point in the nervous centre is plainly that wn which the mental feeling 
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depends, yet that that mental feeling is not felt to have any local existence, except at 
the extremity of the nervous filament touched by tCie needle. Thus the seat of sensa- 
tion, the local seat of the state of consciousness, which constitutes a sensation, is always 
in the organ, or part of the body, where the nervous filaments c(|jiceined terminate. It 
is quite true, as {Spicharmus sung : 

** Mind it seeth, mind it heareth— 

All Wde is deaf and bUnd 

• * 
nevertheless, the felt local scat of sensations is in the skin, the membrane of the 
nostrils, the membrane of the tongue, the labyrintH of the ear, the retina of the eye, 
and finally, jn the locomodve organs in general, when brought into action. 

The nfind has, indeed, no local seat. It vrould be absurd to speak of a spiritual 
essence as having parts, or being in connexion witlT ePmo ; but, novcrthclosB, it is quite 
certain that in sensation tfie mind manifests itself in what are termed the organs of 
sensation. Here it is, then, in the skin and the other organs of sensation, that the 
confines of mind — so to speak — and the confines of matter meet. Hor is it erroneous 
to say that it is'in seiisationJ:hat mind cozflmuniuates with matter. This view leaves the 
spirituality of the sentient principle wholly untduched. For, as Sir William Hamilton 
remarks (Reid*s ITorAs, p. 862 ), ** the cofinexion of an unextended with an extended 
substance, is equally incomprehensible, whethet* wc contract tlie place of union to a 
central point, or whether we leave it co-extensive with organization.” 

The notion of extension, or rather the capability of forming the notion of extension, 
is undoubtedly ax original en^ftwment of the human mind ; but the realization of that 
notion, there is litt]|^ reason to doubt, takes place as the infant gradually notes the 
variety in the loc|l seats fif the many sensations continually occurring in his conscious- 
ness. In short, as Aristotle taught, the infant’s body is contained within his soul in 
tho exorcise of sensation. ^ * 

Besides sensations, there arc no other states of consciousness which have a manifest 
local seat, unless that be said in a somewhat dificrent sense ff certain emotions. For, 
there are motions which are very constantly attended with certain bodily feelings, 
^hich feelings, on investigation, are discovered to be sensations arising during the 
exercise of certain muscular acts, which become, as it were, the signs of those emotions. 
All expression of emotion, whether calm or passionate, consists in certain moventents 
of tho locomotive system ; and suejj movements of the locomotive system are attended, 
like the action of muscles in generel, with sensations originating in the effect produced 
on the qervous sentient filaments of those muscles by the physical changes which they 
then undergo. Hence it appears that emotions themselves are not states of conscious- 
ness having a local scat ; but that many emotions arc accompanied by muscular acta 
which originate states of consciousness, or sensations having a local seat. 

To such donsecutive sensations, the namo of sensations of emotion has often been 
given. • « • 

Fmetion, lin a larger sense, may include not only passions, but also desires, and," 
owing to their analogy with desnres, even appetites. These constitute the impulsive 
part of htunon nature-pleading to action too often with a v^emento overpowering all 
reason* All the bodily acts which result from emotjiona, passions, desires, and appe- 
tites, &e doubtless iStmdod ’vKth corresponding sensations ; but, like those already 
motioned, these localikodf states of oonsoiousness are oonseeutive— 4aot idantical with 
these afiSMUons. e 
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In proportion aa man in society learns to control the impulsivo part of his nature 
chiefly by the influence of reason, ho adyances in civilization. In the words of Ovid : — 
** Et quod nunc ratio, impetus ante fuit." 

&euon representsp coUectively, the faculties, properly termed the Intellectual 
Faculties. Reason, however, implies the previous accumulation of knowledge, however 
slender, by comparison with that store of which man is capable. It has been well 
desciibed as the action of the mind upon its knowledge. Its power," says Isaac 
tayloi^ “ over itself, a power directed by knowledge, and eipployed for the accom- 
plishment of s^me purpose foreseen, is what constitute!^ reason." Reasoh, by the 
knowledge of the past, consults for the future, putting a restra^t upon present impulses. 
Reason, by roforence to what the memory can supply from the past, conibuiGS the 
means suitable to effect ends, not discouraged by repeated failures, changes and 
improves these means till the end is accompliglbed, as often as tbat is attainable. 
reason, also, it is often determined that such and such ends are not attainable by the 
means actually within reach. Thus reason is not so much a singlelfaculty as a powei 
of combining the operation of all the intellec|^ faculties towar^ the attainment of 
tho object in view. • • 

The flrst men, beyond que8tion,,had no otiier shelter from the scorching rays of tho 
sun, and the rains, and the blasts of l^cavcn, than the woody thicket, or the natural 
caves of the rocks and mountains. To this day, near the banks of the Jordan, thero 
arc tribes who live in mountain caves. In Borneo there are races who live in trees, 
like monkeys. Thera are Aifrican princes who hold thoii* audiences ^ Nature’s own 
palace, under tho shade of the gorgeous banyan. Let us suppose that a party of 
primitive men had strayed to a place affording ^c shelter noi1iicr'*of a thicket nor of 
the mountain cave, and that the heat of tho sun, or the season of rains, caused them 
annoyance; then would arise the exercise of reason, — ^the flrst display of man’s building 
talent. Tho'*Lnconyenienco ho suffers from the loss of his accustomed shelter, carries 
his thoughts back to the form of that shelter. Let us flrst suppose that his original 
shelter was a cave. It is not any inward^impulse which leads him to fix poles in tho 
ground, inclined to each other at the top for mutual support, and to cover these with* 
skins of the animals he has killed for food, or with the largo leaves ai^d twigs ho 
can. oq}lect around. But the desire to produce the likeness of his former cave raises a 
train of thought, in which are presented all such obsorvations of his past life as bear on his 
purpose^ The minute recollection of these stirs him bn to the work, and, after failing 
and succeeding by turns, he at lost, with repeated trials, constructs a rude tent, or hut, 
on the model which originally arose to his mind. It is by the imitation of y£at had 
before beeufseen thal^reason acts ir? such a case. In ^ort, here reason acta on the 
knowledge before accumulated, so as to apply it to the purpose in view. Here rcaadh 
appears in its proper character; not as a singlo faculty, collateral with*membry^ or 
imagination, but as the master of the fargdties ; that which coptiacls and compels tho 
subordinate powers each to contribute its proper share to the work. • « 

Had tho party referred to never seen a cave, but beAi accustomed to the shelter of 
trees, the first tent ygould necessarily take more of the form of a tree ; and were the 
model tree a banyan, we must suppose the tent would have been in the shape of a huge 
umbroUa, supported at j^e circumerence with slendercposis, add in the mi(^ by 
a stout pillar, corresponduig to the central stem and descendi^ loota of that singular 
produotionof the vegetable kingdom. ^ . * 

Xaatliict**— How different is instinct! Instinct is an agency which perfonns 
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blindl7 and ignorantty a wmk of intelligence aijd knowledge. Many animalsi par- 
ticularly birds and insects, construct works to which, at first sight, there would seem 
to be requiritS no small degree of forethought, knowledge, and calculation. In short, 
to*’ produce such effects as are produced by many animals, an intimate knowledge of the 
ptinoiples of mathematics, and of the laws discovered by man in the physical sciences, 
would seem to be essential. Does any one believe that such knowledge and such 
faculties as are necessary for the construction of tihe honeycomb, reside in bees in the 
■•TOA sense in which i^,is said that such knowledge and such feculties belong td a man 
who is i^sseased of them? « ** It would take,*' say^ Sidney Smith (Mpra/ Fkihaophy^ 
p. 243 ), **a senior wranq^er at Oambridgo ten hours a-day, for three years together,, to 
know enogigh mathematics for the calculation of these problems, with which not only 
every queen hoc, but every undergraduate grufi, iaa^uainted the moment it is bom.'* 

' It is not, howevef, suffieient, with Igaac Taylor, and many other authors, directly to 
impute the knowledge and the forethought to the Cilator ; because wo are required, in 
studying such a siAject, to consider all the laws regulating such acts in the organic 
kingdoms, and endgavour to ascertain, ^before such a direci reference is made to the 
power of the Creator, hoW far the instincts* oi birds and insects, by which so many 
wonderful cflbcts are produced, are not m^ly a pa^ of a larger law which operates in 
that part of natuiu A a whole. The final refereneo, of course, is to the power of God, 
whatever bo the result of our inquiries. • 

It is now xhany years since it was observed in man and animals, in general, 
thftt. certain impiessions mada the organs of sense, or on scnRiblo parts of the body, are 
succeeded by muscular acts, sometimes of a very complex kind, performed altogether 
independently of th^wik. It was not at first observed, that on many occasions impres- 
sions might be made on many parts of the body, such os give rise to complex muscular 
acts of t^ kind, not only independently of the will, but even without any conscious- 
ness on the part of the individual that such impressions had been applied. Such, 
however, is the case. The nervous system is so constituted that certain impressions 
made on the extremities of nervous filamcn^ terminating chiefly on the surfaces of 
«the body, arc succccdod by the determination of influences, through other nerves, to 
muscular organs, by which these organs undergo movements on a definite plan, and 
often of a veiy complex kind. When no consciousnoss attends the impression, so that 
the affection of the nervous centre thereby produced fails to possess Hie character of a 
sensation, the e^ct is what gave Vise to the idea of reflex actions, not accomp^ed by 
sensations, having their origin in the spinal mairow, in which plainly resides the power 
of detenqjUung certain complex muscular acts, on being affected by impressions conveyed 
through certain means. But all such muscular acts as originate^ in imprersions made 
ob the extxemities of nervous filaments, independently of volition, whether accompanied 
by consciousness of the impression, or unaccompanied by such consciousness, are con- 
veniently termed refles^ acts. 

Tfats viet/ of the nervous system in higher animals, for which we ore chiefly 
indebted to Dr. Marshall HaB, thou^ it does not explain, serves very much to illustrate 
the nature of instinct. According to the expression of a distinguished physiologist, Pro- 
^ Peculiar laws are written, as it were by nature, on the medullazy pulp 
futids#^ ahd such in^oessions^xxnveyed by nerves tefthe nervous centre, whatever it may 
be, in toe calMbr^ pattieular acts, in obedience to snefi originally written laws. 

^ In the various ^icts of instinct in birds and insects, aocordling to this view, 
preaeitfe no |;feKtdr jdsfficnlty, car, at the most^ one not very mudi greater, than the nume- 
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rous reflex acts Bubserrient to the well-being of the body, yariod as these constantly are 
in man and under sueolssiye changes 'of circumstances. Such acts, and 

instinctive acts, fall under the same great law of the nervous matter — a law 
unquestionably originally impressed upon it by the fiat of the Creator. As, then," 
says Dr. Bushnan {Philowphy of Beaton and Inatinet)^ certain organic acts are the 
direct effect of sensation, so it will be found that instinctive acts, properly so called, 
can be traced to the same cause, and are, like them, dependent either on external 
*or internal stimuli." The great sources of instinctiye acts in the lower animals, are 
the senses of smell and taste ; by which*, particularly the farmer, they axe led to 
select food which is salutary, with a certai&ty which far exceeds the boasted knowledge 
of man. There is scarcely a plant which is not refused by some, while ft js eagerly 
sought after by others ; and as many of these plants are highly poisonous to man, we 
must here draw the striking conclusion, that when the instyict o&an animal leads it to 
eat of a plant poisonous to others, the law whick so directs it^ through the unconscious 
nervous centre, must embrace the fact that the poisonous chemicid principle of that 
plant is destroyed by the peculiar digestive power of that animal. , 

Finally, among the sources of sensi^idh on which instinctive acts are dependent, are 
various qualities of the atmosphere at diffei^nt seasons, the periodical returns of .appe- 
tites, and particularly of the sexuof desire, the sense of ungratifiedsarant, the conscious- 
ness of muscular acticpi, and, in higher Imimals, the presence of all kinds of emotion. 

Thonglit.— When spoken of in connection with the functions of relation. Thought 
has an extensive signification. It is then contrasted ^roly with sensation ; so that 
sensation and thought are often employed to includo ail mental phenomena. Such a 
use of the term thought, is, however, merely for the sake o^tei^orary convenionce ; 
since emotions, passions, desires, and appetites-'oU of which are states Of consciousness, 
distinct from sensations, can with no propriety be deliberately regarded as thoughts. 
If, howeyer,^m the whole succession of a man’s states of consciousness wo subtract his 
sensations, his emotions, his passions, his desires, and his appetites, then those states of 
consciousness which remain, will be such as are most appropriately termed thoughts. 
Thus, then, an act of memory is a thought ; an act of conception is a thought ; an act, 
of abstraction is a thought ; an act of imagination is a thought ; an act of j^udgment is 
a thought ; — and to think is specially to determine, with some definite purpose, 'succes- 
sions ^>f these several kinds of acts. 

When a person thinks over a subject, he puts it in all possible lights, endeavouring 
to fin^ out each new relation in which it stands that is, making use of what he has 
observed as to the modes in which one thing suggests another, he makes thosePthings 
which rise^ontaneously in his mind» the means of bringing up other things w£ich were 
less obviously oonnedled with his first thoughts. • 

Th inkin g, then, is a succession of acts, only in part voluntary. A map cannot call 
up any thought at pleasure unless within very narrow limits. But when he has ohee 
got possession of a thought, by dwelling on it, and considering*its sevcrakconnections, 
he may be secure that it shaU arise whenever ccrtaiii other thoughts shall have first 
occurred to his mind. When a man thinks correctly on any subject, it is very mricb 
the same as to say lie exercises reason on that subject. For, to think correctly, he must 
exert a certain control over his thimghts, rejecting thos^which arg vain, frivoloiv, and 
not pertinent to the subjbet, and detaining those in the contrary predicament. StiU the 
mere expression to think has no constant reference to the exdhcise of reason ; since one 
mav be said to think in the larger sense when the though&i suggested to thd mind by 
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Bome sulject rise freely, whether they be to the purpose or not. Thus it is quite eoirect 
to say, that a man thinha iucorrectly ; and in so th inking he may have exercised actually 
as much voluntary control over his thoughts, as in any profound and just meditation. 
But to say that a man exercised his reason incorrectly, involves q contradiction. Thus, 
to think and to exorcise the reason, are not one and the same thing. The reason, 
indeed, cannot bo exercised without tbinking ; but much thought may pass through the 
mind with veiy litdo exercise ol reason. 

Wlmt is* commonly called a train of thought presents this term in its widest aignifi" 
cation. We say currchtly a train of thought is dependent on the association of ideas. 
But, when a train of thougkt is reviowedr^for example, such a train hs constitutes a 
reverie—it fr found to cohsist not merdy of the states of consciousness commonly called 
thoughts, or of those expressed by the term^dcjis^but of states of consciousness of 
every known kind^ssnsatiqps, memories, abstractions, conceptions, imaginations, judg- 
ments, pity, remorse, angc{, jealousy, ambition, desii#. And each of the states entering 
into such a train is linked or associated with the states adjacent to it in the succession ; 
so that what is usually called the association of ideas, is rea]ly the order in which the 
succession of every lind q £ consciousnesi happens at any one time to be determined. 

Every man has his trains of mental phenomena, to a certain extent, under his own 
power, and this is the foimdation of all self-education, or rather the foundation of all 
moral and inteUectuoi education. It is quite possible that a chi^d may be so reared as 
to be incapable qf conforming the conduct of after life to the standard of morals required 
by the laws of his country. ^This person is exactly in the condition of him who labours 
under moral inlanity. Had the dispositions, in childhood, of such a person been 
restrained by judicitus management, then the passions, desires, and appetites would 
have been redused within those bounds which reason requires. When the natural 
disposition is such, that under the best direction a child grows up, totally incapable of 
subjecting his moral nature to the control of reason, then that person is mj^rally insane 
from birth. * 

The intelleotual nature is perhaps less under the control of management than the 
moral nature. Kevertheless, education is capable of greatly extending the range of 
thought, and, within somewhat narrow limits, of giving to it greater justness and 
ncactness tfian naturally bdongs to the individual. 

The boneiits of training, whether by the education imparted from without, or by the 
efforts of the individual himself tojvards self-improvement, are manifestly dependent on 
the changes accomplished on the natural succession of the states of consciousness^* or, in 
common language, on the natural succession of thoughts. And it is manifest that the 
more anyone has indulged in Incorrect thinking, or in licentious wishes, before the cor- 
r^tive of training is applied, the more difficult it must ho to hiiog back the current of 
his intelleotual and moral nature to that which reason directs. Correct thinking, intel- 
lectually on^ morally, is the only foundation of just judgment and blameless conduct 
• ft I - « For Biifce tbo couriie 

^ Of things external acts in different ways 

On haman\pprehen8ion, as the hand 
Of nature tempers to a different frame 
Peculiar minds ; so, haply, where the powers " 

^ Of Fanov neither lessen nor enlasge 

The Images of things, hut paint in all . 

•Thpir gennine hues the features which they wore 
* ^ ^ In i^ture^-ihere opinion will be true, 

And aotion right.'’— Axuamut. 
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The next and last function we h^ve to consider is that of speech, or the sounds which 
are produced in the larynx or vocal apparatus at the moment when the air traverses this 
organ, either to enter or to pass out of the trachea Sr windpipe ; and we shall disiin- 
gui^ speech in man frem the cries, song, and bussing of inferior animals. 

Volce«-^'W’ithout the possession of voice how different would have been the history 
of man's progress on the earth ! We can hardly ooncfive any other eflbctual kind of 
speech except that to which voice is subservient. Without articulate sounds man could 
fiardly*have risen to the rank of an intelligent thinking agent, {ly means of expression 
and gesture he^might have comnymicatedjbo his fellow-pmen no small share of his pre- 
sent desires, his present feelings, |Euid even his present rud^ ideas; but under such 
circumstances how little of the past— how little of the future— would have entered into 
his mental existence ! t • 

Speech, then, may bo justly regarded as one of the principal foundations of man’s* 
greatness upon tho earth ; and tlibs voice, speech, the criea of animals, the song of 
birds, and the buzzing of insects, present, in a physiological point of.view, a succession 
of themes of tho most engrossing interest. , ^ • 

In physiology voice is distinguishecl tfom speech, thouglf without voice there is no 
perfect speech. This point deserve^ a word r#f explanation. When a person can spcalc 
only in a whisper, he is said to have lost his voice ; that is, he has lost the power of 
utterance with that laud, thrilling, viCratory sound whicli constitutes perfect voice. 
But if whispering were man’s only natural mode of speech, then wB should not be 
entitled to say that man had no voice, but only that his g%ice was a b(^, hissing, non- 
vibratory sound. 

Voice, then, whether it be soft and hissing, or loud and vibrafJry,*i8 formed in tlio 
larynx. Speech is the voice modulated in its passage through the mouth and nose by 
the agency of particular organs, such as tho tongue, the palate, tho teeth, tho lips. 
It is conventfonally only, and for the sake of convenience, that physiologists speak of a 
whisper as being speech without voice, that is, withont vibratory voice; and of those 
who speak only in a whisper, as having Ipst their voice, in contradistinction to those 
unfortunates who suffer under a loss of speech, which properly constitutes dumbness. • 

Dumbness originates exclusively from original defect of hearing— thusb indicating 
the intimate connexion between the gift of articulation and the perfection of that sense. 
Again* the capability of the dumb (deaf-mutes, as with something akin to an affectation 
of precision they are now often called) to acquire the i&e of q)cech, rude as it commonly 
is, fdiows how largely the organs concerned are placed under the control of the will. 

The Soiucee of Sound. — ^The organs of the voice and of speech are igialogous 
to instruments of muuo, so that som9 preliminary observations on the sources of sound 
become requisite. * 

In every case sound is derived from the vibration of a body. It is, howcv^cr, 
erroneous to describe sound as merely a^vibration of the air. Jlost sounds, it is true, 
reach the ear through the vibration of the air, whether they have had thtir source in 
the air, or in some body with which it is in contact. K is usually said, that a bell has 
little or no sound in ^ vacuum. This is in so far true ; for unless a communication is 
made between the ear and the bell independently of tho air, little or no.sound would bo 
heard. But if a cord or some simifnr body be stretched <l>6tween die beU and tB6 ear, 
and particularly if the external cavity of the ear be previously slapped with some sub- 
stance,' such as chewed paper, which the cord is made to t0)|^ the sound of .the belf 
will be distinctly heard. In such a case na part of the oonununieation of the vibrations 
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of the bell Ib made through the air-;the membrane the tympanum or drum of the ear 
reoeiTeB the TibrationB and tranamits them through the chain of little bonea to the 
labyrinth or most interior part (A the ear, iv^here, by means of undulations excited in 
the fluid in contact with the subdmsionB of the auditory nerve, the requisite impres- 
sion is made. 

Many other Stances may j>o cited of sounds produced by the yibrations of solid 
bodies being oonyeyed to the ear without the intervention of the atmosphere. For 
example ; when a tuning-fork is made to vibrate and placed between the teeth, the 
sound is convoyed from tha teeth, through the bop^s of the face and^the head, to the 
auditory n^e. Also qfhen a solid-vibrating bo^y is suspended by a cord which is 
brought into contact with the teeth, the sound is hea^ independently of the atmosphere. 
Again, when a sounding body is suspended between two cords reaching to the ears, the 
Influence of the air ^s exdtuded. When a cord is extended from a sounding body to 
some part of the head, particularly to such parts hs are sparingly covered with soft 
substance, the sound is heard without the assistance of the atmosphere. When a watch 
touches the teeth, particularly of the upper jaw, its ticking is distinctly heard on the same 
principle. When the watch is applied to the /^ongue, the sound is much fainter. We 
find it stated that the vibrationa of a metallic spoon ^were heard at the distance of three 
hundred yards by ifloans of a cord extended to the ear. Wo are told that the sound of 
distant cavalry is heard much better when the ear in applied to i!he ground than when 
the listener staitds erect. In cases of tins kind, where the sound is conveyed along the 
surface of the g^pund, it is ti^e understood that the sounds are produced in the ground 
itself, or in solid bodies communicating directly with the ground. 

Yibrations ^ Sao ssommunicated from water to the car without the assistance of 
the atmosphere. For example ; in bathing, when the head is plunged under water, 
distant sounds produced in the water are heard distinctly. When, however, soimds 
proceed from water into air, the effect produced on the air is faint. • 

The soimds which reach the ear through the atmosphere may originate in vibrations 
of the air itsdf, or may have been communicated to it by the vibrations of liquid or of 

* solid bodies. And this, doubtless, is the common case. Nevertheless, it is plain, from 
what has been above stated, that to describe sound as a vibration of the air is to view it 
in too limited a sense. 

To produce sound the vibrations must be of a certain strength ; for it is plsSn that 
a body often continuos to vibrato Liter it has ceased to emit sound. Sounds pass through 
air wjjh less rapidity than through water, and tiirough water with less rapi£ty than 
througb«BoUd bodies. For example ; the sound of a hammer struck at the top of a high 
house is heard double by a person standing on the ground be]|pw; that k to say, the 
first sound which reaches his ear is conveyed through the solid materials of the House, 
whilo'the second sound is transmitted tiurough the air to his ear. It is observed, also, 
that on the approach qf a heavy waggon in t^e street the furniture of a house begins to 
shake before tho noise of the waggon is hear^ 

The velocity of sound in aif is estimated at 1130 feet per second— in water at 4708 
feet in the same unit of time. The velocity of sound conveyed, through solid bodies 
appears to vury much according to the texture of the substance. From some experi- 
menfif it appears t<f pass throBigh deals of flr-wood at tho rate of 17,400 feet per second, 
which is qpwards of Ihxqp miles. 

* WlUBi a sound is pro^i^oed in an open space, it is more idiort and diaip tbfl& when 
in a room; because, when a sound occurs in a room, the vibrations of the air which 
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strike against the walls and furniture excite new Tibrations in these bodies, which, being 
again communicated to the air, aftcct the ear id close succession with the original 
yibrations, and so prolong the sound. This effect is termed the reverberation of sound. 
When there are no bqjdies near at hand to reverberate the sound, but a body or bodies 
at a distance capable of that effect, an echo is produced. Thus an echo may bo described 
as a reverberated sound, which does not reach the ear until the primary sound has 
ceased. An echo may take place from a wall, a rock, a ^ve of trees, and, as it is said, 
even from a cloud ; and also, as it would seem, from condensed air. If an echo can 
take place from a cloud, it is on example of tin echo produced by'\he vibrations of water 
in its liquid st&tc. The body from which^ distinct echo takes place must be at a con- 
siderable distance, and there must be no interposed bodies ca|>able of keeping up the 
succession of vibrations. In every Jar^ and lofty empty room there is a species of 
imperfect echo, owing to the want of furniture to keep up tj|ie succession of reverbora-i 
tions between the termination of '*the primary sound and 1^ reverberations from the 
walls and roof. The echo of a monosyllable requires a less ^stance than the echo of a 
dissyllable ; it is estimatc4 that the distance required for a monosyllsAbio is 80 feet, that 
for a dissyllable 170 feet. ^ m * 

A musical sound is to bo distinguished |rom a noise. A noise consists either of a 
single powerful concussion or report, or else of an irregular repetition of such sounds. 
A musical sound con^sts of a number df synchronous vibrations ; that is, of vibrations 
occupying the same minute period of time. The vibrations in a musical sound are not 
all of the same extent ; but whether g^reator small, each occi^ies the same period of time — 
in short, they are like the vibrations of a pendulum, ^^ch, whothel great or small, 
are performed in the same space of time, when the pendulum |s oi|a ^finite length. 


Sonorous undulations may be described as of two sortS’^namely, dlured and mole- 
cular, We have an example of curved 
undulations «rhcn a string, /dg, fastened 
at both ends, a 5, so as to be tight, is 
drawn to one side at its middle ];>oint. By 
this retraction the string, which was 
before straight, is now bent into a ciuwe, 
afd^gb. When let go it not only 
recovers its former position, but passes to the other side, assuming the same curved 
form, af* d'* g" into which it was at first drawn ;*and thus it continues to vibrate 
from ^fhe to side, alternately forming a curve, with a gradual diminution of extent on. 
each side of its original position. So long as these vibrations are of consfilcrahlc 
strength, i^ound is emitted ; but, ivs before observed, the sound ceases before such a 
string returns entirely to rest. To produce an impression on the car, but a moderate 
vdodty in the vibrations is neoessary. It appears that a sound may remain audible 
with a velocity of no more than y^th part of an inch in a secon4 : perhaps it may be 
heard even with a much smaller velocity than this. Nevertheless, in sucli a case it is 
probable that the initial velocity must be considerably -greater than that here described. 



WTiat is termed 
moleculxT uudulation 
is exemplified«in the 
^temate condensation 

• — — ^ nirefaction of aif. 

When we blow into e tube open tt hoQi ends, the & contained first* becomes 





118 • 


TONE NOT THE EXTENT OF VIBRATIONS. 


T - ' ■ <' 

condonsod in the middle, end razefied at the two extremities, as seen by the lighter 

shade in the cut; but 
after a while the case 
is reyersed, the rare- 
faction being in the 
middle, the condensa- 
tion at the extremities. 

Wbat is termed difiTerenoe of tone depends upon the number of yibrations in a given 
period of time. Wh^ the number of vibrations is small, a grave sound is produced ; 
when the vibrations are numerous in the bamo time, an acute sound is heard. Their 
tliiclaiess^bfting equal, if long string produces fewer vibrations than a short string in a 
given time. Thus, by lengthening a string, the ^ tone of a musical sound produced by* 
its vibration passes fiyim th|> acute to the grave. . 'V^en the quality of a sound is spoken 
of, it lias no reference tp the number of vibrations in a given time, quality being 
dependent on the molecular constitution of the sounding body. From what has been 
already said, it must be seen that the mere extent of vibratiops does not affect the tone. 
It appears, howevA*, thaf. loudness of *BOunA is dependent i^efly on the extent of tho 
vibrations. 

Musical sounds, then, are produced either by th^ vibrations of solid bodies, of liquid 
bodies, or of aeriform bodies, or by a combinalion of the vibratj[ons of two or more of 
these. « 

Tliore are even mnsicalf^truments, or musical combinations produced by solid 
bodies, indepen^ntly of any musical tension. For example, melody may be extracted 
from cylinders 0 gtess^ or of metal struck either directly or by means of keys— the 
tuning-fork, th^ gong, the cymbal, the boll, arc examples of the same kind. The har- 
monica consists of a series of glass vessels made to yield musical sounds by tbo friction 
of tho fingers. But the most important case of this kind, as bearing on thp explanation 
of the phenomena of the voice, is the vibration of an elastic plate produced by a current 
of air which it continually emits end excludes. Such a plate is employed in those forms 
of the organ-pipe which have been termed tfie voaf humma pipe, and regal pipe. Tho 
vibrations of water are hardly employed to produce musical sounds ; nevertheless, the 
purling rilf and the distant cataract plainly fall within the description of musical 
sounds. « 

In simple wind-instruments «f music, we have examples of musical sounds pro- 
duced by molecular undulations of air : in tho flute, the flageolet, tho diapasoif organ- 
pipe, tie humming-top, the cavity of the mouth in whistling, and playing on the Jew’s- 
harp, thd' molecular undulations of the air are sources of the music^ lycmnds. In 
the flute and flageolet the length of the tube is altered at pleasure by opening or shutting 
the holes. Tflien a hole is opened it is the same thing as if the pipe were cut off a little 
bt^nd tbo place of the hole. 

In many^ musical ilUtnunents tho vibratfons of solid bodies co-operate with the 
undulation of the air to produf^ the musical sounds. This is the case in the trumpet 
and in the various kinds of horn. In those instruments, the force of the pro- 

duces what are termed harmonie diviaiosu. The trombone is db contrived that the 
l(mgt4,pf Ihe tube ni^y be at l^eaaure. In what are termed the zeed pipes of an 
oigan, there is an ^a^o plate which vihratee in uniaon witlfthe column of aur which 
. they o on ta in . The vibrdtloins of animal membranes, when put on the stretiH^ aa a 
aouzee of anuioal sounda,*8re usually considered separately, both team the nf m T ut fl 
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produced by solid bodies and those produced by the molecular undulation of air. There 
are examples of this effect of thole membranes In the use of such instruments as the 
drum and tambourine. These instruments are chiefly prized for their loudness. Under 
the same head, how<9’er, falls the membranous tongue, which bears closely on the 
illustration of the human yoico. What is here referred to is not, indeed, a musical 


instrument, but a contrivance employed to exhibit the effects of sovnd under circum- 
stances analogous to those of tho human larynx. The most remarkable experiment of 
'this kind is made by placing two thin plates of India rubber over the end of a tube, so 
as to leave a very slender Assure between 'their margins in tfle middle 
line, and flying these by a liga^re. T'^o pieces of leather employed 
in the same maimer produce a similar result. When two sAch tongues 
or membranes are placed over tlys oHflcc of an organ-tube, and the 
current of air made to rise through it, vibratory motion^s maintained 
by this current, and a considerable range of musical sounds is produced. 

The two tongues or membranes in this experiment should be in tho same ||| | |||||^H 

place, and the space between them should bo very minute : the edges f| |||||^h 

of the tongue should not be tarthcr aj>aH thiAi from ^th to ^tS^ of an p!i' 

inch. The experiment succeeds even better when tho edges actually touch. ^ 

To this experiment reference will*be made hereafter, when we come to speak of what 
occurs in the humanjarynx during thd exercise of voice. 

OxgaAfl of Toico and Speech in Kan. — ^The organa concealed in voice and 
speech may be described as the chest and lungs, the win^ipe, the lai3mx, the posterior 
cavity of the mouth, tho nostrils, which communicate with that p(%terior cavity, tho 
palate, the tongue, tho teeth, and the lips. Tho sounds whi^ (imstitute voice belong 
to the order of musical sounds, independently altogether of the singing voice. All that 


is properly termed voice takes place in the larynx, which is properly the instrument of 
voice. But even independently of tho modifications by which voice is changed into 
articulate speech, the voice is variously affected by the other parts which have been 
enumerated : by tho chest, as regulating the force of the air ; by the windpipe, as sus- 
ceptible of several degioes of length and tension ; by tho posterior cavity of the mouth, 
as offering an expanded vault ; by the nostril, as affording a double passage of exit for 
the breath ; and by the various conditions of the tongue, the palate, the telth, the Ups, 
accolHing to the position in which they happen to be at the moment. 

The chest and lungs together constitute, in •reference to the voice, a musical 
bdlo#s, capable of supplying air with more or less force to the organs of voice. Tho 
peculiarity of these bellows consists in that the afr must be renewed, at short intervals, 
by entering from without by the sapie passage by which it is expelled whex? the voice 
is exercised. It caiC however, supply air without interruption, in a continued strefvn, 
for about fifteen seconds. The lung consists of two large bags of air, uid does not 
materially differ from the wind-box of an organ, or rather from the bag of a bagpipe. 
No air can. enter the lung, or escape^from it, except through* the wi^^dpipe. The 
walls of the chest are everywhere in contact with outer surface of the lung, and 
close in around the point at which the windpipe rises upwardif to the larynx. The 
chest is capable of Ixpansion in every direction ; that is to say, i>y means of muscular 
action its walls recede from the surface of the lung, so tjiat the c^ty in whidvjQiis air- 
bag is contained, is aflgmented in every direction,^m length, in breadth, in depth. 
WhlUver this eiilargement commences the air begins to mfter %om without. By this 
process, in two or three seconds, many cubic inches of air An be drawn into Urn lungs. 
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So nice is the action of the imuclesy by which the chest is again contracted in aixo, and 
the lung is compressed, that the s^am of air wliich shall issue in a giyen period 
through the larynx, by the induce of the will, is under the most complete control. 
The prominence of the larynx on the fore part of the neck popularly known by 
the 'name of Adam’s apple, by which, probably, its remarkably greater prominence in 
the male than in the female ia referred to. The long auccesBlon of minute tubes, by 
the gradual union of which the other trunks, and finally the windpipe, are formed 
has this peculiarity, that the aggregate of the are^s of the smaller tub^ greatly exceeds* 
the area of the trunks whic^ they combind to foim. From the windpipe throughout, 
almost to their origin in the minute cells, the tubes are provided wilh tense walls, 
by means 9f Yhe cartilaginous appendages before referred to; in the windpipe itself these 
cartilages assuming a more definite form. They^ire^ complete rings of cartilage, being 

deficient posteriorly; that is, each ring of the 
windpipe traverses* about two-thirds of its cir- 
cumference, leaving the remaining one-third, on 
its posterior aspect, destitute of this supx>ort. The 
numb^ of'rings in the windpipe is fifteen 
to twen^; in other respects the tube is chiefly 
membranous, yet* provided with muscular fibres 
capable of difiiinishing its calibre, by drawing toge- 
ther the extremities of the rings. It has been 
proved, by sufficient experiments, that when the 
larynx is raised by 
the powerful muscles 
attached to it, the 
windpipe is drawn 
up fiom the chest in 
a corresponding ex- 
tent, and that at the 
same time ifs diame- 
ter is diminished by 
about onc-third. 

The l)a 8 e, or lowest 
jart of the larynx, rests 
on the upper part of 
the windpipe, and this 
base consfsts of a ring, somewhat more devclpped 
than any of the rings of the windpipe, yet not so PyroAiIdal or arytenoia car- 
different fSroip these but that it might bo regarded 

as iSio summit of that tube. This ring diffeia from Proper vocal Mrds, call^ also 

flie ring, of windpipe in Iidng complete afi round ; tSa 

it 18 not, however, of a unifom). breadth in the direc- 7 ®.“^ ligamenta; //, tUe veiu 

tion of from below upwards, being broader at the epygiot^. the 

pottenor part. It may be likened, then, to a ring, ' 

with ajtone or a soa^^the exp^ou behind conespondmg to the stone or seal. On 

the upper edge of the expanded portion of this ring, at the bate of the larynx, are set 

teco Render bodies of a iiyramidal form, which bear the most important part ||| the 

meAifiaSft of the laiyax h an oigan of Toioe. These two bodies are exactly lOike, 
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a, basement or cricoid cartilaffc reat- 
mg on the cylindrical windpipe ; 
A protecting cartilage or thyroid 
cartilage ; df valTc-likc cartilage or 
epiglottis. 
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and are placed Amost dose togeth^, like two zxilmatuTe obdisks eet on end. Tbe 
connection of their mforior extre^tios with thq basement ring of the larynx, is by 
articulation, yiz. by a true joint, like the shoulder-joint ; that is to say, they aro 
movable on the cartilagmons ring which supports them. From the one to the other, 
on their posterior aspect, muscular fibres extend, by the contraction of which these two 
minute pyramids are made to approximate together. From the fore part of each, near 
their bases, an elastic substance proceeds forwards, rpnverging, to interlace with its 
fellow at the anterior part of the laiynx ; that is to say, a minute somewhat triangular 
*Bpace*is formed by two portions of dastic tissue, which cross tbp basement ring of the 
larynx from behind forwards, thf^ base of (his triangle being the space between the two 
pyramidal bodies just spoken of and its apex behind, a peytion of the (arynx to be 
presently alluded to. This triangular |pace between these two portions of tissue, yocal 
Hgamonts, as they are called, is the»aperture by which the breath enters and issues in 
respiration, and by which, when contracted to a narrow chkik, tUb air is forced through 
in the exercise of voice. These, then, are the most essentiiA parts of the larynx ; the 
two pyramidal bodies each resting on the posterior part of thePbasement ring, while the 
two ligaments proceed forwards, each from tb^ base of one of theye pymmids, to form 
a triangle, the apex of which is BO«directed as to bo ov^r the anterior part of the 
aperture of that basement ring. \t is mani^st that when these two minute pyramids 
are drawn close together by the action of the muscular fibres, the1)aso of the triangular 
opening is diminished, so that the posterior or wider part of the opening becomes 
obliterated ; also, if the apex of this triangle be drawn forwards, thafthe sides formed 
by the two vocal ligaments will still further approxiimtfte. Such, f]ien, are the two 
actions by which the triangular aperture is reduced to a minute chink, namely, by the 
points to which its base is attached being made to approximatl, ai^d its apex being 
drawn forwards. 

Other musctilar fibres are so disposed as to antagonise the forces which close the 
aperture ; t^o sets of fibres on each side extend from the basement ring inwards, to be 
attached to the pyramidal cartilages, by which they are drawn asunder, and the base of 
' their rectangular aperture again restore^ to its former extent. 

Several important, yet loss essential parts of the larynx, remain to be described. 
The anterior narrow part of the basement ring supports that great prominence which 
constitutes Adam’s apple. This is by far the largest portion of the larynx, but may be 
regarded merely as a defensive plate guarding the essential parts of the organ &om 
injur}^ When the finger is placed upon its upper margin, and directed a little upwards, 
a hard, wire-like circle is felt ; this is the convexity of the hyoid bone, or box^e of llie 
tongue, which has intimate connections, by ligaments and muscular fibres, -^itili many 
adjacent parts, so tlyit it is rendered, as it were, a centre of motion. Hence, when the 
hyoid bone is raised, many of the adjacent parts follow its movements. The hyoid 
bone is described as having the shape of the Greek upsilon, the coirvexity l^ing 
directed forwards, and to be felt immediately above the great cartilage of the larynx. 
This great cartilage, then, termed the thyroid cartilage, may be described as a quadri- 
lateral rdieet of cartilage, with appendages at its* four angles, named its cornua, 
or horns. This qunidrilateral dieet is bent along its perpendicular middle line, and this 
bending constitutes the angle which is felt in Adam’s apple : the upper horns are 
attached to the hyoid ^nc, the under horns to the Basement %mg before sfMcen of. 
Thu^he thyroid caitil^ is wrapped round the essential payts nf the larynx, in firont 
ooviAig thm in, leaving them exposed behind. The pr^ninent angle in J^ront edr- 



122 


ADAM'S APPLE. 


reG|)oiidfl to an interior angle on posterior aspect ; and to the middle part of this 
interioiv angle extends, the apex of the triangle formed by 
the Yocal ligaments, and there obtains an attachment. 

A movable valve, like a little tongue, its apex directed 
backwards, is attached to the some interior angle of the 
protecting cartilage, a little higher up, overhanging the 
cavity of the larynx. Between the same interior angle of 
the anterior protecting cartilage, and the two movable^ 
posterior carnages before described, muscular *'fibres 
•proceed, by tl^p contiWJtiom of which thpse triangular 
movable cartilages are drawn forwards, so as to relax 
the clastic cords, already termed vocal ligaments. From 
tlie same interior angle of the protecting cartilage, an 
* clastic substance proceeds, radiating in different direc- 
tions, so as to close in the parts otherwise unoccupied 
above the lateral portions of the basement ring of the 
larynx. This cl|^stic substance,* in particular, forms two 
cords, extending ketween the superior points of the 
movable triangular carijlagcs and the sides of the tongue- 
like valvo before ^oken of. These cords constitute what 
have been termed, somewhat improperly, the superior vocal 
ligaments. WhSi the space beneath these so-called superior vocal ligaments and the 
true vocal cords, eor vocal lif^luonts, is examined, a cavity is found on each side of 
considerable extent ; |nd the two cavities are called the ventricles of tho larynx. The 
mucous mombrazip, dSceitding from the mouth and nostrils, covers and forma a lining 
to these parts in its passage downwards into the windpipe and lungs ; so that the 
so-called superior ligaments of tho huynx are often described as mere folds of the 
mucous membrane, extending between the posterior pyramidol cartila^s and tho 
protecting cartilage. It appears, however, from more minute investigation, that these 
folds of the mucous membrane do actually conlyiin an elastic substance, not less capable, 
Under certain circumstances, of vibratory action than tho true vocal cords, or true vocal 



a, the oriooid ; tho tUyroid ; 
d, the epiglottis. 


ligaments. • 

To recapitulate, then, the prominent points in the conformation of the lorynx—the 
windpipe, called by anatomists the trachea, is surmounted by a complete cartila^ous 
ring, about an inch in diameter, fhis ring is the only outlet of the limgs by wlj^ich air 
can issup their numerous cavities, and is the only inlet by which air can penetrate 
from the atmosphere into the same cavities. This ring, being of a firm cartilaginous 
structure, is plainly incapable, under any ordinary circumstanegs, of dilatation and 
contraction. But the air is permitted neither to pass inwards, nor to come forth through 
the >rh^6 arha of this cartilaginous ring, whether in respiration or in the exercise of 
voice. Its area is oloa^ up on each side by impervious texture, so as to permit a 
passage to thd air only by a chink, variable in its size, extending in the direction of its 
antero-posterior diameter. This dhink is bounded, according to the common descriptions, 
by the vocal ligaments. It is more accurate to say that this chink is bounded in its anterior 
put by the vocal ligaments, one on each side, and at ite posterior part by the cartilaginous 
prooosSBk of the ba^ of the Movable pyramidal cartilages tg which these cords are 
oonneeted. This chUk, «when most expanded lengthways, is about eleven Imes in 
l&gth, aq l of this space seien liaee lie between the vocal ligaments, and four lAween 
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the opposite cartilaginous bases of the pyramidal cartilages, aboye spoken of, to which 
anatomists give the name of arytenoid. This ohi^ as above stated, is usually described 
as triangular, with its bas^ between the two arytenoid cartilages, and its apex attached 
to the anterior angle^f the protecting cartilage, above spoken of, to which anatomists 
give the name of thyroid. More correctly, at its greatest dilatation, it has a lozenge 
shape, with the posterior angle truncated. Thus the chink commences narrow imme- 
diately behind the thyroid cartilage, expands between the vocal ligaments to their 
* attachment at the base of the arytenoid cartilages, and then contracts in the space 
between the cartilaginous bases ^of these fwo bodies, no^ to a point, but to a truncated 
angle. The '^dest port of the chink, in its greatest state of dilatation, is about five 
lines and a half— nearly half an inch. This greatest degree of dilatatidn,takes place 
during inspiration ; during expiratioi^ the chink undergoes a slight contraction. Hut 
during the exercise of voice, the posterior part, bounded^y cartilaginous margins, as 
being between the base of the afytenoid cartilages, is entisely obliterated. Thus it is 
coiTectly stated, that the chink, concerned in llie exercise of voipe between the true 
vocal ligaments, at its .greatest dilatation, is of a triangular |hape„ being entirely 
bounded on the sides by the vocal lig^ents, and its base corresponding to the points 
between their attachment to the arytenoid, cartilages. As before stated, the arytenoid 
cartilages are attached to the upper surface of the posterior part«of the basement carti- 
lage of the larynx, qr cricoid cartilage ; and the vocal ligaments being attached to the 
bases of these arytenoid cartilages, it is manifest, that when these cartilages are drawn 
together, the vocal cords must approximate ; that w;]^ these cartilages are drawn 
asunder, the vocal cords must recede from each other at their posterior part ; that when 
the ar 3 rtenoid cartilages are drawn backwards, the vocal 9 ord% must be put on tho 
stretch; that when the thyroid cartilage, to tho interior of whicH the apex of tho 
triangle, formed with tho cords, is attached, is drawn forwards, they must also bo put on 
the stretch. All these changes are known to occur by the action of particular sets of 
muscles. Tho thyroid cartilage, which forms ** Adam’s apple,” is connected to the base- 
ment, or cricoid cartilage, by an clastic membrane, which of itself tends to keep the 
thyroid cartilage nearly in the same perpendicular line with the cricoid, so as, in soipe 
. degree, to stretch the vocal ligaments. But there are two muscles exten^g between 
the cricoid cartilage and the thyroid, by which the thyroid cartilage is drawn forwards, 
so ift distinctly to stretch the vocal ligaments. There are also two muscles extending 
between the posterior part of the cricoid cartilage and the posterior surface of the 
ary teWd, by which the arytenoid cartilages are drawn back. These two pairs of muscles, 
when they act concurrentiy, must very much stretch the vocal ligaments.^ ^A set of 
muscuhu^ fibres, before spoken of, passing between the arytenoid cartilages on 
their posterior as^ct, by their contraction causes the cartilages to approximate. 
Two other muscles, extending from the sides of the cricoid cartilage to the# ary- 
tenoid, draw them asunder. Some ol^er muscular fibres aro^found connecting the 
cartilages of the larynx; but the account of these, owing to weir less importance, may 
be omitted. • 

The small muscles of the larynx are represented in the annexed figures (page 124). 
The crico-thyroidei (3, fig. l, o, fig. 2), and the crico-arytenoidei postiei (d, fig. 2), 
extend the vocal cor^ in the direction of Iheir length, and, atethe same tim^norrow 
the glottis. The crico-frytenoidei laterales (#, fig. 2), and the thy^o-aiytenoidei (d, fig. 2), 
rathik relax the vocal cords. The oblique and transvgy fibres of the a^enoidflus 
(s and/y, fig. 2) dose the posterior half of the glottis. The ^i^ottis (JT, fig. 2) farms 
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Such, then, aro the parts of the laiynz which must be explained to render the 
phenomena of voice intelligible. ^ 

The larynx, like other organs of the body, is largely supplied with bkod by the 
common blood-vessels. Two nerves on each side are devoted to the actions of the 
larynx. Those nerves are from the eighth cerebral pair : the superior laryngeal nerve 
is-exponded chiefly on the mucous lining of the larynx ; the inferior laryngeal nerve, 
derived from, the recurrent of the eigh^ pair, sends minute filaments to the several 
muscles concerned in the movements of the larynx. 

Besides the movements of the component cartilages of the larynx on each other, 
attention must be paid to the motion^f the whole larynx upwards and downwards. This 
motion takes place constantly in the act of deglutition, but also on many occasions Vhen 
the voice iB^xercised, particularly in singing. When the whole larynx is raised, the wind- 
pipe is drawn proportionately upwards iiom the cheat, and so put on the slrebih. This 
movement has unquestionably some effect in extending the compals of the voice. It 
was befofe stated that the hyoid bone is connected to the protecting cartilage of the 
larynV that whenjdiis bone is drawn upwa^, the larynx is drawn upwards along 
with it Thediyoid bone is drawn upward by muscles attached in psortioular to the 
lower jaw, and also to the tempiral bone of the skull. The hyoid bone is drawn 
downwards by muscles attached to the superior part of the breast-bone and to the 
riioulder-blade* From the upper part of the breast-bone a pair of xnuscles ascends, to 
be attadnd to the thyaoid cartibige of the larynx, add a pair of musoles also extends 
between the thyroid car|ilaTO and the hyoid bone. Thus amplb provision is made for 
th^movem^t of the whole l^nx in concert with the movements of the hyoid boile. 

A few words must next be devoted to the cavities through which the air passes out- 
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wards after issuing f^m the larynx. Behind the larynx is the cavity of the pharynx, 
situated in front of the cervical veitebre, and ascend^ to the inferior aspect of the 
base of the skull. This cavity, not improperly termed the posterior cavity of the 
mouth, communicatas with the nostril above, and on either side, by a narrow canal, 
called the Eustachian tube," with the cavity of the drum of the ear. This posterior 
cavity of the mouth is divided from the anterior cavity by the veil of the palate, a 
musculo-membranous movable curtain, which by its* motions more or less completely 
* divides the anterior from the posterior cavity of the mouth. The movable, tongpie-liko 
valve, before spoken of, terpied ^y anatomfsts the epiglotjis, overhangs the orifice of the 
larynx ; the arches of the palate descend on either side, possessed of a muscular character. 
From the union of these above the uvula hangs down. The tongue, fred i|nd movable 
in its anterior part, forms the floor of the whole passage between the root of the epi- 
glottis and the incisor teeth of the lower jaw. The mus((plar ijtass forming tlfb cheeks 
contnuits the cavity of the nHoutfi on the sides, and the lips, by their mobility variously 
modify the aperture by which the air issues. ^ 

Thus the air issuing from the larynx may pass out either by thQ nostrils or the 
mouth. It passes out by the nostrjjs when the mouth n closed, or even when the 
veil of the palate descends. When the vpil of the palate is raised, and the mouth is 
opened, a free passage is afforded through what has been callod the oral canal, out- 
wards. l^c oral canal is manifestly capable of much greater modification as to sixe, 
than the passage of the nostrils. » 

** The tongue, the lips, articulate ; the Ihfoat, ^ 

With soft vibration, modulates the note.”— Darwih. 

On the Human Voioe.— In the investigation of the iiuman \oico, two points in 
particular deserve attention — ^first, the inquiry into the precise seat of the sounds ; and 
secondly, jfito the mode in which these sounds are produced. 

As to the first question, it is now determined, beyond all doubt, that the sound of 
the voice is generated in the glottis, and neither above nor below that point. Before 
going further, it should be remarked ttfat this word glottis has not always been used in 
exactly the same sense. ** By turns," says the eminent French physiologist, Adelon, 
** the superior aperture of the larynx, its inferior aperture, and tho intemediate space 
bef^een these two apertures, has borne the name of glottis ; but, according to the 
etymology of tho word, derived from yKoa’a’Of the tongue, tho speech, no other part 
of tlfb larynx should be called by that name but that where the vocal sound is formed — 
and we shall see that that port is the inferior aperture or chink ." — Phymlogie de 
LEonm^f, ii. 256. In this sense alone, then, the word glottis is here employed, namely, 
to signify the apertftre between the two vocal ligaments, that is, between the two infivrior 
vocal cords, as they are sometimes called. ^ 

Among the proofs that this chink, or glottis, is the scat of voice, it may be^men- 
tioned, that if an aperture exist in the windpipe, the sound bf \he voic^ ceases. Such 
an aperture is frequently formed in man as a sui^cal operation, and an opening has 
often been made in the same situation in animals for the purpose of experimont. Also, 
when an opening Exists above the glottis, that the voice is not lost. Again, that though 
the epiglottis, the superior vocal ligaments of the ]j|rynx, ai^ the upper p^ft of t^ 
arytenoid cartilages, }fe injured, the voice is not lost : moreover, that in living animals, 
when the glottis is laid bare, it is semi that the inferior ligam^ts of the larynx which 
form the boundaries of the fissoie termed glottis, axe throWb into vibration : It is knowii. 
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too, that the diyiiioa of the laryngeal nenrea Bappl 3 ring the muscles, which regulate 
the states of the aperture, and make^the vocal cords tense, destroys the power of pro- 
ducing vocal sounds. It is also found that sounds can bo produced in the dead human 
body by forcing a current of air from the windpipe through tho^larynx, provided the 
vocal cords be in some degree tense and tho glottis be narrow. The larjmx has been 
cut from the body, and freed from all the parts in hront of the glottis ; thus, the epi- 
glottis, the upper vocal ligaments, and the ventricles of the larynx between the superior 
and inferior, or vocal Imamcnts, the greater part of the arytenoid cartilages, namely, * 
their upper part, may oe removed — ^in eholt, if notlyng remain but the inferior liga- 
ments or vocal cords, and these be so approximated that the glottis shall be narrow, 
clear tones yrfll bo produced by forcing air through it from the windpipe. 

Such facts os these entitle us to regard the glottis and the vocal cords, which form 
its imulbdiato houndarses, a% the essential source of voice, while tho -"indpipe simply 
conveys air, and the cavities above tho glottis, comprchKhiding the upper part of the 
larynx and the air passages through the mouth and nostrlL, '^rrespond to tlic tube of 
a musical instn]mont. by which the sound is modified but not gen( rated. 

It has been alrea^ remarked that the vocaf l^amcnts ore composed of clastic tissue, 
and that it is owing to this elasticity that^they are adapted ' tho office which the 
perform. While, theii^ it is quite certain that no proper voco.. sounds can be ^)roducca, 
except in the glottis, it seems manifest that the*adjaccnt Bomcwh{|t abimdallt tissue of 
the same kind is» susceptible of a vibration and resonance in unison, so as at ' fast 
modify the sounds of the voices ^ 

In reference to the second question— what is the nature of the change pror 
the glottis during the ibnuation of voice— no inconsiderablw difficulty is met wit 
points of debate '^hich have arisen on this subject are, whether the vocal ligar^e .t“ 
a set of membranous cords obeying the laws of musical strings ; if the aperture ..3 
glottis he a reeded instrament, in which the vocal ligaments ' lay tho part qf ^rating 
tongues; or even whether the real source of tho sounds of the voice be not a molecular 
vibration of the air, produced by its passage through the narrow apc’ ♦^^ure glottis ; 
aqd, lastly, whether the organ of the voice Joes "''t in part coi 'bine all these three 
sources of sopnd, so as to be at once, in some respects, a stringed instrament, a tongued 
instrument, and a simple wind instrument. 

The ancients regmtlcd the sounds of the voice as analogous to those of a flhte. 
According to this view, the vibrations of the larynx are of little account, tho actual 
sounds being produced by a molecular undulation of the air. That the organ of Voice 
is not, id some degree, analogous to this kind of musical instrument, is not to be abso- 
lutely denied, but it is certain that this is not the principal mode in which %b sounds 
are^roduced. * i 

One of theysarliest ideas of modem times on the subject of the voice is, that the I 
laryific is analogous toji horn ; that is to say, to a winj instrument, in which the vocal 
cords act the sgme part as the lips of the performer on a horn. Not much more than a 
hundred years ago arose the idea that the larynx is a set of musical cords — ^namely, that 
the vilnutions of these cords, , on the same principle as a stringed instrument, produce 
the sound, which was then conveyed outwards by the air. * 

Theil^vailing opinion of t]|a present day is, that thelarynx is a wind instrument, 
a reeded wind Instn^ment. ' 

•This common view may^bo expressed as follows:— the expired air is thrown into 
the laiynac* through the windpipe by the muscular action of the chest; the proper 
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miisdeB of the larynx being contrafijted, create a Bi^cient tension of the vocal cords to 
permit them to be thrown into vibration by the impulse of the air. The sound so pro- 
duced is conveyed through the mouth and nasal passages, undergoing various modifica- 
tions in its passage otftwards. 

Let us consider, then, in the first place, what evidence there is that the organ of the 


voice is a reeded instrument, with a 
doable membranous tongue. 

In short, the action of the organ 
of voice mayji>e best explained Jn 
general terms, by comparing it with 
f tho pipe of an organ. Let us sup- 
pose f (Fig. 1), to be the wind-, 
tube, into which tho air is driven 
from below ; the stopper, iil%hfth 
is placpd the tong and .He 
body-tube ; and let thcroj be a pipe, 
0 (Fig. 2), to the wind-box, ca an^ 
the air bo driven from tho bel- 
lowa,//j9, through t. Tho air throws 
the tongue, a (Fig. IJ, into a state 
of vibration, and passes out m im- 
i I dulating movements fium the body- 
tube. Su*'h is a general view of the 
nature of voice. 

V An experiment has been before 
' I wforred to, which illustrates the 
f an, clastic organic ^issue. 




- lilr- . the vocal ligaments, in producing sound on the principle of a double 
; tongue .ne extremitv of tub is closed oy two bands of moist elastic tissue, for 
example, arte al tissue, s ^pplicd as ^ oover tho whole end of the tube, with the 
exception of a slight fissure between the bands. In the experiments befor^referred to. 
India-rubber, or leather, was mentioned as being employed for this purpose. Both these 
subsihnees produce a similar oftcct, but it appears that the middle arterial coat, being 
composed of the same tissue as the vocal ligaments, tod having the same physical pro- 
pcjrtioS; forms the best kind of artificial larynx. When this tube is blown through at 
the free extremity, the tongues not only vibrate readily, but produce a range gf musical 
tones. T^ obtain a pure quali^ of tone, it is necessary that the two membranous bands 
should be of equal \Peight and breadth, and subject to equal tension, otherwise they 
cannot vibrate equally in equal parts of time. • • 

If the human larynx be dissected out, gnd the vocal corda be stjcti^ied, they will vibrate 
like a piece of artificial tissue, such as India-rubber or leather, in a curreat of air. In 
conducting these experiments, the same conditions musl^ be secured as are required in the 
experiment with the tube, and the two membranous lampse, before referred to. For 
example, the inner ddges of the glottis, that is to say, of the vocal ligaments, must be 
turned outwards towards each^d}*, so that they shii beiia the saftie plarifl and'pbiaUtl 
to each other, otherwisd'they will not produce any sound. Henae it may be inferred, 
that when the texuion of the vocal ligaments takes place in ffia living animBl,^they turn 
upon their axis, till their plane^ which, in tho state of reU^tion, are Inclined to the 
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ftTiii of the yocal tiibOf become perpendicular to it, and as the edges of the glottis approxi- 
its ftbanli; Jg nearly or entirely olosedy and they acquire the true Yibrating posi- 
tion. The production of the most simple tones of the voice requires the associated 
action of a most extensive range of organs ; for it is calculated*‘'that in the ordinary 
modulation of voiooy more than one hundred muscles are brought into action at the 
same time. t 

As the air rushes upwards from the windpipe^ a portion of each edge of the glottis , 
yields to its pressure, and is curved upward?, so os to form an angle with the axis of 
the vocal tube, and leave between the two edges a nacrow aperture, thrcngh which tbe 
air escapes. « The tensioncond elasticity of the vocal ligaments tend to restore them to 
the plane df their former portion. The air having been rarefied below the glottis 
during their elevation, becomes dense frrom their depression, and the necessary force 
being again accumulated, ttfey arc ro-elevated, and tjjus jp oscillating movement, con- 
sisting of an opening and closing of the glottis, takes place, which being communicated 
to the contiguous afb, the sounds of the voice are produced. 

The vibrating edge of the glottis varms injength according to the pressure of tho 
column of air in the windpipe, and the resistance of the vocal ligaments. When other 
circumstances are alike, the intensity of th^voice is determined by the pressure of tho 
column of air in the windpipe, and the range of movement described by the vibrating 
edges of the glottis. Tho pitch of the voice docs not depend soKly on the tension of 
the vocal ligaments, but jointly on the variations which they undergo in length and 
tension. Magen4ie observod,*iR tho larynx of a dog, that a longer portion of tho vocal 

ligaments vibrated while grave tones were pro- 
duced, and that a diminution of length accom- 
panied the succession of acute tones. Mayo has 
described tho movements of the glottis in a man 
who had attempted to destroy himSelf by cut- 
ting his throat. The larynx in this case was 
cut through just above tho vocal cords, and, 
owing to the oblique direction of the wound, an 
injury of the arytenoid cartilage and of the vocal 
cord on one side had occurred. When resph;j^tion 
was going on, tbe glottis was seen to be of a 
triangular form, but when the voice v(*is ex- 
erted, the vocal cords passed into a parallel 
direction, and the glottis itself had a linear 
form. Ilie posterior part of the a;^rture ap- 
peared to remain unclosed. 

The cut represents tho prepared head of a 
corpse, *after Muller. A thread a, which passes 
over aroUer to a scale, is so applied to the larynx 
that tbe tension of the vocal cords can be in- 
creased by placing a greeter weight on the 
scale. The ^action of the muscles is thereby 
imitated. compreesing apparatus seen on 
• • , the wood-cut brings the vocal cords nearer to 

emsh ond thiw p^ulOs tbe reqpirito diminution in the width of the vocal fissw. 
The tubd /serves to convey the wind, which throws tho tongue-apparatus into action. 
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And thuA, if we use lihe hmasa^ bead, ot the heed of IIm dog,, or of the pigr or of eiof 
other animal, we can tho'^oioe n^iOian, %hh hkrk of the the grunt hf 

pig, &e. ■" 

Membranoua tofigi^^ ^hlte iSiOfle fn tlte liarynat, Widely from a metal tongo^ 
shutting up the aperture, uud tmeOtearily opmiing and okteing as the air issues. 

: Objections hare been taken to the yiew which represents the vdee ai the result 
of sounds produced by meml^ranous tongues set in mdtion hy 1st, That the vibra- 
tioB oi tongnes oOmnsts in the periodical opening and Cutting of the orifice through 
which the stream of air passes, this noteheixig the ease in^the glottis ; 2nd, That 
had it the strfieture of a reed,*the edges of the rooid ligaments which open' the ' 
chink would be alternately sepaittted by the eolnmn of^air in the fiaiyim, and 
drawn together by their tension, while it has .been frund by experhnei& dfr 
transmitted through the glottis giyes* rise to sound, potwitonndyig thht Its^ edgyi bm 
from one-sixth to. one-four^ Of# an inch asunder In %nse objections, honWer,. 
there is a mistake Us to ihe essmtial principel«of reeds— for those of tho' tehinbt, 
bassoon, hautboy, d;c., fai| to clom entirely the passages tim>hgh*^iicjh 
escapes; and the case is not otherwise* witit the natur8l*reed,*wlSen the lips of 
players on the flute and horn repre^t. In short,^ a sound eafivb^ ptedueed by 
a tongue apart from the surroufiding fr&aework, in^eating, ^beyond doubt,' that 
so much importance should not be escribed to the usual mode of fbrinm^ reeded and 
tongucd instruments, &d to the oircumstano€i,of the air pasytifig betweOji^ the tongue and 
its frame. It has been shown that the law by which thO.|ariation in the notes yielded 
by the tongue of a mouthpiece or roed is regulated^ ti the same When the tongue 
is made to vibrate by a current of air, aS when it ia^thr(rim^in%yibrati(ms by being 
struck or inflected. By the same law are regulated the vibrations ofrylbrating ro^ ; 
the frequency of the vibrations of^two rods of the same tea^j^^und thickness being In ^ 
inverse ratio pf the squares of their length. The no1» med without a tube 

is of the same pit|[di, whether it he the result of a curre^iit df .^, he produced by 

striking the tongue. The streng^ of the blast doeii most pai^^ljricpnme 

the pitch or riiarpness of the note; but When the dhree#^ blowing the 

strength of the tones is augmented. The sise Of the flss^ ^^eep the and thd 

frame within Which it vibrates, is of iittie consequefl^^ wi^ the op(mjl|^:ijl; large 
there m a greater difficulty in chtainingthe tone,b'ut its ^ not fdtec^ , 

Some slight diffirdtles may stfll exist in the explpnal^ sri the voice 

as considered to be chiefly the result (ri as 

<dose a resemblance has been proyed.4d between p^l^bfd daiJfiofl 

arrangement and the structure of the lilting larynx^ aaf^winMSonal^ bo^^NUpmfad 

. .... V 


in sndh a case. • W 

It was alroady hinted that the vued 
ing temgues ki. the production of voice, but also on 
On this point a few WUrds must be added. It may s^m; ’ ^ ^ * ^ 

of so disthignirihirini^OBQpliea m Blet, wh^ < 

that resembles a vibrating Where 

length to yidld tiie lowsrrmtea of the v<nce1U‘ Hckw oo4d cjKS „ 

the human voice mpresents; n rir^g. 

would suffice dtogethar^ta 
But Biot here seems to haW 
gMiaj d)or<«iH if 
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nqutiPfid fbar ^ribratloix. Hk attation does not seem to liaTo been drawn sufficiently to 
the nature of Kstgaaeafi membranes, stfips of Inffia rabber and elastic animal morabnines 
atiU retaining enough of elastic^ for this purpose, ajfter being much relaxed. There 
is, a perfect agreement between the yocal cords and vibrating strings, though 

Ibek vibiuttons, whotber as strings or as tongues, are produced not by the direct impulse 
df a solid body, but by the momentum of air. When the ordinary fwinciples to which 
muiideai etrings are subject are dppUed to the vocal ligaments, there is found to be a very 
dose agreement, if allowanee is made for the^peculiarities of elastic animal substances 
as respects dastioity add the like. <• 

In their ordinary state, the vocal cords amst be regarded as subject Co a considerable 
tension, v^iicbi heweverf admits of being diminished, so as to add to the range of the 
lower notes; At the ordinary pitch of the voice, the glottis may be regarded as par- 
tially closed, and bGootnia^ mon^ open as graver iones are produced; this opening of 
the glottis coindding wit^ the relaxation of the voed oqgds, a doable cause is afforded 
of the lowering of t(me. When higher notes are uttered the glottis closes, assuming 
more of a linw Ihrm, wbile, at the same time, the vocal li^^ents, though elongated, 
are thrown into a^udis higher state bf tension. In the words, then, of Mr. Bishop, 
** since the vOcal ligaments have been provc/b to extend and contract for acute and 
grave sounds respectively, and after death vibrate in a great measure like musicol 
strings, we think it may be fairly inferred that thfey likewise obey, to a certain extent, 
during life, tho«laws of the vibrations of ^eh strings.” • ♦ • * “ It is 

moreover observable, that tl^ extension and relaxation of the vocal cord, which, as we 
have seen, are analogous to thbse of a musical string, produce a corresponding shorten- 
ing and elongation cf i|s axis, regarded as a tongue ; end, lastly, since one tone only 
is produced at a time, tne vibrations resulting from the double action which appears to 
exist in tho vocal apparatus must be synchronous.” ♦ * * • « It might possibly 

be objected to the idea of this two-fold action, that the production of sound by the 
vocal cords is sufficiently accounted for by supposing them to vibrate merely as elastic 
tongues ; but then it is found by experiment, that by artificially dividing their length 
into two ventral segments, there results thu octave of tho fundi^ental note, which 
proves that at all events they vibrate as cords. In conclusion, we must bear in mind 
the vast difrerence between natural and artificial mechanism, and however complicated 
a problem it may be to dotormino that constitution of the vocal apparatus, by^which 
the thypo-arytenoid ligaments m^y simultaneouriy obey the laws of cords and tongues, 
yet to a physioIxigiBt who is accustomed to meet with the most admirable eontiivanccs 
aii4|^stfinbi2iattfek in the animal frame, the difficulty of finding a .strictly mathematical 
iolation*!s, in stuffi a case, no objeotion to its truth, when the facts, os far as they have 
beenobefe^^ are decidedly fevourable to its reaHty/'HSSP^^iMf^ of Thy si^hgy^ article 
rei0s.4V 148L ^ 


hinted at, the vibrations of the walk of the tubes through which 
the toiw^k oondififtefi nuty, in some de^ee^infiaenoe its sound. In rigid tubes, the 
vihra^oas dep^ en ^ of the impulse propagated in the air within, jointly 

' kni^ bf the pi^' So kng^ then, as the len^ of the pipe remains the saipe, 

^^llllP^ia^Dge takes ^aee ^ ^ material of its walk, the pitch qf the sound produced 
akiritllhi, vemelns una^cted. The dimensions of the wind- 
ftngth aaS are invariable; and^^ were the height of the 

* dhtearioik tube ^e nose and mouth) trough which the 

air the vibrations of these parts 
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would produce no oluage on tiic pitch of the Toice, the quantities being oonatant for 

each tone produced in ^e glottiee It hai been^ound that, by taking tubes oompoeed 
of layers of paper, of constant length, but yaried in thickness, graver sounds were pio« 
duced as the parietes became thinner, and that the gravity of the sound was increased 
by moistening and reducing the sides of the tubes. It was before noticed, that the 
windpipe is capable of being drawn upwards from the chest to a smaU extent, while the 
larynx is elevated, and that this tube admits of being diminished in its diameter by 
pbout, one-third part. Horeover, the pharynx, the mouth, and the nasal cavities arc 
also susceptible of various modifications of diameter, so that thh pipe, so to speaJk, near 
the middle of which the vocal soiAid is produced, is in a ii%ry dijOTerent.oonditioii from a 
rigid tube. Hence, it has boon concluded that provision ^ made for an invariable 
adaptation between the amount of tension, the vibrating length of the vocal liga- 
ments, and the walls of the vocal tube, for the production of th^ ordinary tones of the 
voice. It appears, indeed, to hgve been proved that the voeid tube is so short, that 
were it rigid, it could not influence the pitch the note which the glottis originates. 
But its want of length is compensated for by th» relaxation of its wills, so that it comes 
to vibrato synchronously,* and so to give forth sounds equally grille wi{h those of the 
glottis. Its eifcGt, therefore, is to add to the force of the tone, which, without its aid, 
would have been found to possess loss intonfilty. ^ 

After considering this subject in every possible‘s light, the conclusion appears to ho 
that to which Mr. Bitlhop has come, namdy, that the evidence shows the vocal appa- 
ratus to be influenced by the air expelled from the chesty in precisely the same way as 
if it were a stretched cord, a reed, or a vibrating tuil^ Why, then,*' he continues, 
should we hesitate to adopt the obvious conclusion that the vq^al organs do, in fact, 
combine the properties of these various instruments, and are* thus tbs perfect types of 
which these instruments ai-e only imperfect imitations .>** 

Singing.^The notes of the human voice are caj>able of being produced in three 
separate kizi^ of sequence. In ordinary speaking, the successive notes have nearly 
all the same pitch. This kind of succession, then, is properly termed the monotonous. 
Some deviation from this monotony occasionally arises, as when certain syllables 
receive a higher intonation for the soke of accent, and when, in reading or remtinj; 
poetry, rhythm is added to the accent. In those cases, however, tho <dotialion from 
monotony of pitch is too slight to require a separate head. In tho expression of passion, 
accomxjaniod by vehement exercise of the voice, therp is heard a sudden tran»tion from 
high i% low notes, or the reverse. This, then, constitutes the seeeiid kind ot sequence 
in the notes of the human voice. Musical notes constitute the third mode of s^uence. 
In music the sound has tho requisite number of vibrations,^ and as the sounds succeed 
each otheif they exlgl’i^ that relative proportion in the number of vibrations wh^ 
jointly characterize tho notes of the musical scale. Of the adaptation of osp sou^ 
to succeed another, so as to preserve the musical character of the suocessufii, the human 
ear is the only original standard. e t *■» 

Compass of tho Voioo.— In singers the compass of the vmod^sx&nds through 
two or three octaves. When the mole and female voi^s are token together, the entire 
scale of the human«voioe indudes four octaves. The lowest note oi the Ibmale voice 
is about an octave higher than tho jowest of the nude voice.; t^ hipest of the female 
voice is about an octavp bighmr than the highest of th^mido^ Am first f^^tes of 
all voices are most eomnumly weak. There are two kinda of iinitla voice, the basa ai)d 
tenor ; and two kinda of female voSee^ tho oontralto, and' acfisno. The ets e a tial ^ 
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tincti^ l^etween thofte voiooB does not consist in their difference of pitch. The bass 
voice commonly reaches lower than the tenor, and> its strength lies in the low notes ; 
while the tenor voice extends higher than the bass. The contralto voice has most 
comnmnly lower notes than the soprano, and is strongest in the lower notes of the 
ibmalc voice ; while the soprano voice reaches higher in the scale. It is found, how- 
ever, that bass singers can sometimes go very high, and the contralto not unfroquently 
sings^ the high notes like soproho singers. The difference between the bass and tciior 
vo|ce, and between the contralto and soprano, is plainly, then, not one of pitch, buj| 
consists in the pnciiliaf timbre or quality af the notes — for those several voices are dis- 
tinguished from .oaoh other ovon when sounding thd samo note. The equalities of the ^ 
baritone aptf measo-sopr&no voices aro less marked ; the baritone being intermediate 
between Uio bass and tenor, the inezso-soprauo doetwocn the alto and soprano. 



The difference of pitch between the male and female voice is connected with the 
different length of the vocal ligaments in the two sexes. It appears that the lengths of 
the mole and femalo vocal cords in repose are nearly as 7 to 5, and in tension as 3 to 2 ; 
m boys at the ago of fourteen the length is ta that of females, after puberty, as 6*25 to 
that the pitch of the voice is nearly the same. Tho difference in the quality of 
the female* voice, as compared with that of the male, is owing to the considerable 
difference presented by the two sexes in the walls of the larynx ; tho male larynx 
being nmgh more expanded, and ^nning a much more acute angle in front. It* is not 
yet dearly understood what is tho cause of the different qualities of voice, as exhibited 
in the toor and bass, and tho contralto and soprano. As Miiller remarks : may 

ffmn an Idea of the cause of these differences of timbre, from recollecting that musical 
instruments made of different materials, os motallio and gut-str^gs, motallio, wooden, 
and mambranous tottg^ies, metallic, wooden, and paper pipes, or flutes, may bo tuned 
to the «ame^t% but that each will give it with a peculiar quality or timbre." 

In shoil^wlm tfleevariations of the laprix im different individuals of both sexes, 
and at diffsi^t ages, under the various circumstances more or less favourahle to the 
iff the respiratory ^gans, are considered, as well as the remarkable fact 
'that human bmng is charaot^iaCd by a speaking voice peculiar to himself, we 
no ^ to understand whl* the singing voice should vary in different persons, 
b'lb. also in * 

the atteuffoh ofphyaiologista Host 
: ' nud^ voioe iaSSng under one or offmr of tho 
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bdfbre-mexitionod cha^ndoters, have tlic power of producing a double Bcries of noteey of a 
different description. To the ieodhd series of notes the name of falsetto » applied. 
The notes of the natural voice— called also chest-notes— are fuller, and distinctly indi- 
cate a stronger vibration and resonance, while the falsetto voice has more of a humming 
character, ft is only with the natural voice that the deep notes can be produced, 
while the highest notes of a male voice arc falsetto. The notes belonging to a middle 
pitch may belong either to the natural or the falsetto voice. Thus the two registers, 
as they arc termed, of the voice arc not bounded in such a manner that the one ends 
where the other begins, as, through a cePtain compass^^they run side by side. It is 
'' remarked that £be bass voice bceonies falsdtto lower in the scale than the tenor. In 
the female voice there is less seldom presented a very markeef distinction ^^twoen the 
natural and falsetto registers. , * 

In a human larynx detached from the body two dist^ct series of tones can be 
produced, when the tension of iie vocal cords is very s^ght. One of these series 
corresponds ^ the tones of the ordinary voice, dhe other to the traes of the falsetto 
voice. ‘With a certain degree of tension of thv vocal cords both these }:inds of tones 
may bo produced ; sometimes the one kiifd, sometimes the oilier, hBing heard. With a 
different kind of tension of the cords, no^s of the falsetto character are constantly 
produced, whether the current of aV passing through the glottis be forcible or feeble. 

If the vocal ligamcnts^be much relaxed? the sounds of the ordinary voice always result, 
whether the current bo fwjhio or forcible. When a slight tension of the ligaments is 
kept up, the falsetto is most easily produced by blowyg very gently; while if the 
blowing bo more energetic, the sound belongs to the ordinary voice. Tdus, two different 
notes may bo produced, under the samo degree of tension, of #he ligaments, by a 
different force in the blowing; and the distance of these two notes from each other 
may bo as much as an octave. “The real cause,” says Muller, . “of the difference 
between the falsetto and the notes of the natural voice is, that for the foimer the thin 
aperture only of the lips of the glottis vibrates, while for the latter the whole breadth * 
of the cords are thrown into strong vibrations, w'hich traverse a larger sphere,” • The 
peculiarities of the voice in different individuals must bo chiefly dependent on the 
particular form of their air-passages and of the lining membranes, and the^consequent 
differences in their mode of resonance. That such causes are adcciuate to produce all 
the varieties of the voice in individuals, appears from the circumstance that many 
persons, by altering the form of their vocal organs, can imitate the various t#08 of the 
voices other individuals. 

The nasal quality of the voice is determined by like causes. This nasfel t»ne 
appears to«be given to the voice in two ways ; thus a nasal sound is produced, though 
the external openings*of the nostrils he closed when the arches of the palate approaah 
each other, and the larynx ascends higher than in the natural voice. ^ When the 
nostrils are obstructed by mucus a^|Misal sound is produced ; this obstruction having 
the same effect as the voluntary closure of the anterior opcning*of 2 he nostpls. In the 
second mode by which the nasal soiuid is produced, the nostrils are open, the laaynx 
ascends considerably, the arches of the palate ooxitract, the upper surface, of the tongue 
ascends towards thS palate, so that the air passes between the narrowed arches of 
the palate, and receives the resonaifbe of the nasal cavitjps withoqjt that of the^vity 
of the mouth. The defldiency of tone in the voice of did people aiiscs from the ossifl- 
eation of the oartUages of the larynx, and the altered state •ctf tJie vocal cords. It u 
unsteady, owing to the loss of nervous command over the mftscles, * 
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T&e strength of t^e iroice depends on the extent to which the vooil cords ore 
etpable of vibration, and partly on the great capacity of the chest, and the fitness of the 
various parts over which the air passes for eommunicating resonance. The intensity or 
loudness of a given note cannot be rendered greater by the mere augmentation of 
the force of the current through the glottis. Such an iucrease of force in the current 
win raise the pitch both of the patural and falsetto notes. It is therefore concluded 
that the variation in the intensity of a note, wilhont the alteration of its pitch, must 
depend on some other CQuse than the mere change in the force of the current. S<jch a 
provision plainly lies m the «power of modi^ng thq tension of the vocal cords. To 
vender a no|o more intepse, without increasing its pitch, the vocal cords must be 
relaxed in proportion as the force of the current of the breath through the glottis has 
increased. When it is desired to render a note fainter, an opposite mode of action 
must he adopted. * s 

The failure of perfectnoss in the notes of the hdman voice may arise fix}m many 
causes. Variationa.m the temperature^ of the atmosphere, and in its states ’of humidity, 
have a powerful infl^jence on the pitch cf the voice. While a cold, moist state of the 
atmosphere prevails in thkf country, the voices singers become lower by two or three 
notes, while they regain their usual pitch when the air becomes dry. Mr. Bishop 
mentions that when firassini came to this country, owing to the change of the air from 
that of Italy, her voice became one octavo lower. After singjng for two or three 
seasons her natuf al voice returned, but it had lost its attractions with the loss of the 
low tones which ^d gained lt 2 |; so great apjdause. After long singing dissonance of 
the voice is apt to arise ; this is easily accounted for by the slight changes produced on 
the vocal cords ^in cSnsequence of repeated tension, together with the fatigue of the 
muscles concerned, which, as in other cases of muscular contraction, at length cease 
accurately to obey the will, and hence arise unsteady movements. 

Wlilstling . — Before leaving the subject of the human voice, whistling deserves a 
few words. The sound in whistling does not arise from the vibrations of the lips. 
Several experiments prove that the lips are not thrown into vibrations. They may he 
touched, covered, or may have a disc of cork with a central hole placed between 
them, and ypt the same sounds will be produced. It has been supposed, then, that the 
air is thrown into sonorous vibration by friction against tho borders of the opening. 
According to MiUler, the cause of the vibration is the same friction of the ail*; but 
the yihratibn produced upon tho U>rders of the opening throws the whole column of 
air in the mouth into vibrations, and the vibrations of this column of air, by a reciprocal 
ixifiuenoS,«4^termine the rapidity of tho vibrations of air at the orifice. The only 
difibruno^, acoordgig.to him, between wbistiing and the sounds of a pipe, is, that in 
whistEng the whole column of air is in constant progressive motfon through the tube' 
aad^ orifice, while in a pipe tho ak. in the tube merely vibrates, and does not move 
as a current. ^ # 

Spa«oli..s-Spoeoh is peculiar to man. Because speech is not possessed by indi- 
viduals deprived of the organs oB»voiee or of hearxdg, it is not, therefore, to be concluded 
thiat it originates in the mere poseession of these organs. Inlierior Mtimsln are fhlly 
ptoyided with organs both of hearing and of voice*, and yet, in bll essential respects, 
they air daatitute ofrspeerii* «>Speec]ls therefore, mhst be considered under the light of 
a pohshriallty of mah*f intelligence, to oood&Hon of to ezefeise of which is the pre^ 
8^ of J^ orgatis of hini{ing and voice. That is to say, man is horn susceptible, 
by the dsiFtdcfiinant of hli' nervous •ystei&, of tibe aCKpiisition of speecdi, provided hit 



nEPtlESENTATlON OF flOClNOS BY KYMi’ 


,Vgaiu of hearing and roiee are perfect. But if znan be horn susceptible of speech, It 
may ho asked, why does not the dtaf-mutc inredt a language } He docs invent a Iw- 
guage, but it is a language of expression independently of speech ; he fails to express 
his inward feelings by the use of speech, because the defect of hearing prevents him 
from discovering the sounds which hi^ voice is capable of producing, His language, 
therefore, is confined to the other modes of expression by which an intercommunication, 
however imperfect, ca*a be carried on between men. T'he deaf-mute might undoubtedly 
carry ,the use of natu laL signs of expression much farther, wore he not overwhelmed 
and overpowered by the multitude of ideas which his fellow-bicn around him possess, 
' and are contiuftally striving to ndike him ^indcrstand. may also bo asked if, owing 
to this natural susceptibility of speech, every infant should dot invent a ]!ai|guage. In 
80 far every infant does invent a language, but as, long before any progress is made in 
its language, the sounds which it continually hears are q^ught^up, it is impossible to 
judge to what extent each individual is capable of carrying^uch an invention. 

There is no more interesting speculation thap to consider the several steps by which 
language must have arisen among men. It^is easy to understand how, in the rudest 
community of mankind, conventional signs mhst have arisen of cf ory description ; nor 
is it difficult to perceive that those bounds of speech which arc most easily produced 
would quickly form a large share ^of those conventional signs, ^ut it forms no part of 
our present dcrign to investigate the drigin of languages ; it is more to the piiiqiose to 
consider, in a few words, how men came to understand the scvor^il acts eoncornod 
in speech. At a certain period, then, in the progross^of mankind, it appears that 
languages of no inconsiderable extent had already been formed, and y\t that no atten- 
tion could have been paid to the individual sounds composi]|g tliosc languages. Men 
spoke, and in that speech employed words without the least reference to letters, and 
perhaps with none even to syllables. The curious inquiry, then, which arises is, in the 
first place, how men were led to reduce speech to letters ; that is, to analyze words into 
their elementary sounds. 

We may suppose that the difficulty of pronouncing certain sounds, such as the words 
of a foreign language, must have been file fiwt circumstance which would lead men to 
reflect on the modes hy which speech is produced. Man’s natural emiosity would not 
fail to engage him more largely in this inquiry as soon as the subject was suggested. 
Little progress, however, could be made in this pursuit till some method of fixing the 
Boimds by name, and of representing them to one’s sell', or to others, at periods ipiore or l^s 
distant from their first recognition, was invented. It may bo supposed that men had 
already acquired the art of depicting objects of sight, were it no more tlfan rude 
representations made with a rod* on the sands left by a receding sea. The fdca, how- 
« over, of repreaentingp a sound by such a symbol is plainly not of tfic same kind. ITo 
think of representing a sound hy a symbol is manifestly a fresh step in discowry. It 
required, in short, an effort of invention to produce such a stretch of thought. But the 
moment the idea arose all difficulty mffst have vanished. Xfdtliilig was^easier than to 
observe the similar simple sounds occurring in the compound sounds ^hieh eonstituto 
speech. The mere observation of the form of the mouth, as certain simple sounds are 
uttered, would bo ffifficicnt to afford a foundation for this kind of knowledge. What 
the original symbols corresponding to our modem alphabets wer|, is of little ^iqomcnt. 
The first alphabets, doubtlesB, consisted of the zt'presentatives of hut a small number of 
sounds. It is easy, however, to perceive that as soon as thi^ kind of investigation vtas 
fiilxly commenced, it would make rapid progress, there befiig no great dijfficfllty in dis- 
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covering the collocation of the sevcrnl parts of the mouth concerned in the production 
of most of the elmple sounds. Thus ,* by an easy eRialysis, syllable-sounds would be 
reduced to letter-sounds, and each letter would quickly come to be marked by a pai-ti- 
cular symbol. The most remarkable effect of this great discovery, ^simple as it seems to 
uS, would unquestionably be the rapid multiplication of sound-symbols — ^that is to say» 
the vast extension of language. The greatness of the discovery hardly strikes us at 
the first sight. Some idea of tlib character of it is obtained from the fable of words 
spoken becoming frosen at the moment in their fixed foims, and not reaching tl^e ear, 
until the return of a moVo genial tempcratuie. Letters, in short, arc the pictures of 
sounds, by which any sound now pronounced <s perpefuated, while the pictui'e itself, or 
a copy of it. siiall endure. * 

' Speech, then, consists of combinations of sounds produced in the larynx, and variously 
jnodified in tlioir transition through the oral or nosaf passages outwards. No language 
exhausts all the sounds whi^n can be pi'oduccd in th6f>assago of tho voice outwards in 
this manner, languages may be dcscrij^'d os composed of those sounds which are most 
easily produced in ^e passage of the voice from the larynx outwards into the atmo- 
sphere. And languagfts difiur from each ofticr diiefly by presenting various predominant 
groups of such sounds. The chief distinction of* the sounds of speech is according as 
they ai'o transmitted 4^hrough the oral canal befon;* spoken of, or tho nasal passage. 
Another important distinction between articuktc sounds is, that sonite are only of 
momentary duration, taking place during a sudden change in tlic*^conformation of the 
mouth, and ore not cai)ablc of j)rolongation by a continued effusion of the breath, whilo 
others can b<; prolongod all thc^whilo that a particular disposition of the mouth and a 
constant expiration ar% maintained. 

The same sound produced in the larynx is csonverted into any one of tho vowel- 
sounds merely by a modification of tho paits of tho mouth through whiclx it passes. 
The parts of the mouth concerned have been termed the oral canal and thq oral 
‘ opening. The oral canal, it is to bo remembered, is the space between the tongue and 
the palate ; the oral opening is tho aperture formed by the lips. Some jihysiologists 
have described five degrees of sixo in each of tlifec two parts— that is, five degrees of size 
in*the oral canal, aiid live degrees of size in the oral opening. One sound, then, pro- 
duced in the* larynx is converted into e, t, o, «, according to the modifications in the 
size of these two poi'ts. 'I'hus when the size of the oral canal is in the thiid degree, 
ai^ the size of tho oral opening is ici the fifth or highest degree, the act of voice is con- 
verted into tho sound of the English a in far, When the size of the oral canal is in 
the second degree, and that of the oral opening in the fourth degree, the sound of tho 
English a fii name is produced. When the size of the oral canal is in the fii'st or lowest 
degree, and that of*tliNs oral op<mIng in the third degree, tho soundtof the English e in 
t^ieme is produced. When the size of the oral canal is in the fourth degree, and tliat of 
the oral opening in the second degree, the sound of the English o is produced. When 
the «ize of the oral eflnaPis in the fifth or highlit degree, tind that of the oral opening 
in the first or lowest degree, the i^jund of u like oo in cool is produced. Of the general 
truth of this statement any person may satisfy himself byremarking, when he utters the 
broad A, how much he opens his mouth, simply breathing forth the voice with open 
mouth. ^ 3^hen, on thj contnuqL bseath attempts to pronounce a, he 

fill||ili$tho mouth dose considexUblyy and the tongue rise towardsdhe roof of the mouth, 
to contract the^ond canal. Jn pronouncing o he will observe how the lips 
^arO throwi^iiito.the form df the letter^ the tongue at the some time raised &om the 
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bottom of the month. Tho form of the vowel o in most languages points to one source 
of origin of those representations ctf soun<is whicll we call alphabets. 

Some consonants, like vowels, can be pronounced with an uninlorruptc d sound, 
which continues os long as tho expiration can be prolonged, the disposition of tlie parts 
within the mouth remaining throughout as at the oommcncemcnt of the sound. Of 
these, tho aspirate h is pronounced with the whole oral canal open j no intomiption is 
offered to the passage of the breath ; its sound is tht^ simple result of tho resonance of 
the vyills of the cavity during expiration. Others of the same class, such as w, fmd 

are produced by continuous expirationdlirough tho nasal c&nal, the apeiture of the 
mouth being ciosod cither by tho*lips or liy Iho tongue bemg pressed against the palate. 
The mouth is closed by Uie lips while ut is pronounced, th# sound being produced by 
the simple passage of the air througii the nasal cavity. When « is pronounced, the 
mouth is closed by the extreifiity of tho tongue being pressed ^gainst the fore part of 
the pahito. Ng is regarded as a simple sound in th , word ling and hang. It is prochiced 
also by tlie passage of sound through tho noslri^ wL^ o the posterior part of the tongue 
is pressed against tho palate. Other consonants, again, <>f tl^ sani#) chiss, arc continu- 
ous sounds di‘veloped by the valve-liko application of di$jrcnt^arts ftf the mouth to 
each other, such as /, a, r, 1. F is proftoiinced by the application of Oio lower lip to tho 
teeth. In pronouncing «, the teeSi aro brofight into contact Mitl^cach other, while tlie 
point of the tongue touches the lowsr teeth ; in tho sound of r, tho tongue vibrates 
against the palate ; In tho sound of I, the point of the tongue is apjilied close to tho 
palate, and tlic air escapes hetwem the tongue and the checks. Tnc English ih is a 
modification of s. * * » 

The mute consonants with explosive sounds come next to he yoken of. The organs 
of speech by which these sounds axo foimcd undergo a sudden clvngo of position 
duiing tlicir production. The soiuid commences w'ith tho closing of the moiilh and 
terminates when it opens — that is to say, these? consonants cannot ho probmged at 
pleasure ; //, y, d, of which p, k, t are modifications, coming under this head. In sound- 
ing bj the lips arc brought together and close the mouth, while they separate again at 
the moment the air is expired. In scunding d, tho tongue is applied to the ante- 
rior part of the palate, or to the upper teeth, so as to close the mouth, which opens with 
the escape of the breath. In sounding y— that is, tho hard y, as in gold—itvt momentary 
closure of the passage through the mouth takes place, more posteriorly, by tho application 
of the back part of the tongue to the palate. In sounding and ky the requisite 
modifications of b, d, and y are produced by a stronger aspiration during the opening of 
the mouth, which was previously closed. All the sounds hitherto mentioned ar| capable 
of being ])ronouncqd in whispered speech. Tho English y and z cannot Jac uttered 
without an accompanying vocal sotmd. Thus, when an attempt is 'fuade to sound the 
English y in a whisper, the German ch is produced in its stead. All the vowels are 
capable of being produced equally in whispered speech, and with a vocal* tone. AJany 
consonants also, as /, a, r, I, m, ngf can be pronounced aithcr with mute sounds 
or with vocal intonations. The continuous consonant A can only IJb pronounced 
in whispered voice ; and it is quite impossible to combine the sounds of the 
ex{dosive consonants, d, y, and their modifications, t, A, with an intonation of 
the voice. , 

Besides the ordinaisy sounds of consoxiants which iAto^the formation *of lan- 
guages, other sounds are capable of being produced in l^e mouth and throat. 
MWftflVmg sounds , produced by the separatioa of the teetfi tem the tongue or palatei 
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are reported by traTeUers to occuxin the langaago of the Hottentots and in those of other 
African tribes. * •' 

The several sounds and tones of language can even be imitated by aitificial oontri- 
vanoes. When the sound of the voice is made to pass into a o^lin^cal tube» before 
which the hand ia held, and then withdrawn, the sound of 6 is produced; and if the tube 
be a pipe with a ipombranous tongue, the sound of e is produced. Yanous speaking 
xnadunes, by attention to such' principles, have been produced; the most perfect of 
these is that contrived by Faber. The automaton invented by Faber has a singiogt 
voice extending over tn^elve nptes. The difference in the height of the notes is made 
by varying the width of the glottis without tienaion of the cords. I|i this respect it is 
hardly an exact modd of the human organal voice. 

The singular iaoulty possessed by ventriloquists has engaged much of the attention 
of physiologists. Man^ different views as to the nature of this kind of speech have been 
at various times brought foyrard. s 

One of the oldest and most common ideas on this subject is, that ventriloquism 
consists in speech pf oduoed during inspiration. It is unquestionably possible, though 
nut without dilhcultf', to articulate dui'ftig inspiration, and the sounds so produced 
have some resemblance to the tones uttered by a Ventriloquist. 

A more recent vie;y of the nature of vintriloquiftm is, that it is a mere imitation, 
produced in the larynx, of the various modiffcalaons which the voice ordinarily suffers 
from distance, by^ the interposition of a partition, as if the individual were enclosed 
in a narrow space, — in a trunk, a cask, or the like. This view has been supported 
with much ingeniaity by Magentiie. 

The distinguished german physiologist, Muller, has adopted an idea on this subject 
which coincides better with the original name of this artifice. He says that the notes 
of ventriloquism are produced by inspiring very deeply, so as to proti'ude tlie abdominal 
contents by the deep descent of the diaphragm, and the diaphragm bein(| retailed in 
this position, by speaking through a very narrow glottis, expiration is peiformed 
very slowly by the lateral walls of the chest alone. He affiims that the quality which 
the voice has in speaking through an expiration thus performed, is that peculiar to 
ventriloquism, and that sounds may be thus uttered which resemble the voice of a person 
calling ft'omb, distance. 

A very large share of the artifice practiced by the ventriloquist, particularly in the 
imitation of voices coming from particular directions, lies in the deception of other 
senses besides the hearing. The directions in which sounds reach the ear areuever 
very eavly distinguished; and when the attention is drawn to a different point, the 
imaginatidii is very apt to regard the sounds produced as Coming fropi that quarter. 

^Of the imperfections of speech, stammering is that which has been chi^y investi- 
gated ; ipid it lies ia a momentary inability to pronounce a consonant or vowel, or to 
connect it with the preceding sounds. This impediment may occur either in the c<Hn- 
meneement or in the^rtiddle of a wmrd. Whentthe impediment arises in the middle of 
a word, the c<laua6nClincnt of the^word is often several times repeated. Hence stam- 
mering is apt to be defined as the successive repetition of one sound. The repetition of 
tlm oopanmnoemont of the word, however, is not the essential defect which constitates 
Stawmttting} It merely marks repeated attempts to opeicome the difficulty. Neither is 
]| eerMSt to <uty that the diiAulty in stammering Iks duefty in pronouncing the 
Coysonant^ lor the impcdiiiimpt mocft frsqimtly occurs in the case of vowek. Thebeat 
aoeoimt 'ahich has been garen of the natore of stammering is, that it skpeoida m 
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lihe momemtaiT' dosuio of the glottis, so tliat the passage of tiie air necessary to ilie 
pronunciation of the particular sSund is arrested. In persons seTcroly affected with 
this impediment, there are manifest indications of the struggle at the glottis, occasioned 
by the impediment tg expiration, in congestion of blood*lin the head and in the reins of 
the nock. The real cause of stammering, therefore, must be described as an unusual 
morement in the larynx, associated with the articulate morements. In short, stam* 
meriug is a temporary spasmodic affection of the glottis. For the prevention of 
* stammering, the proper plan is to endeavour to bring the associated movements of the 
larynx with the organs of speech more^nder the ooipmani of the wilL To sing 
words is one method of obtaining this^cffect ; since in singing more attention is 
directed to the action of the larynx than in ordinary speaking. Mbrpovcr, it is 
observed that persons who stammcf pit>notince better in singing than in mere speaking. 
The raising of the point of the tongue towards the palate^ has some effect in counter- 
acting this habit, and this clovallon of the tongue seems to^avo been the object of the 
plan practiced by the ancients, of placing bodies such as pebbles under the tongue. 
Muller recommends for the cure of stammering that the patient should practice himself 
in reading sentences in which all the fetter^ which cannot be ]^nounced witliout a 
vowel Bound-~namcly, the explosive consonants, d, y, p, and h — ore omitted, and 
only those consonants included iit^ich are susceptible of an accompanying intonation of 
the voice. He also greets that all thbso letters should bo very much prolonged. Ho 
says that by this means a mode of pronunciation will be attained in which the articu- 
lation is constantly combined with vocalisation, and^ijjie glottis, consequci^tly, nevur 
closed. 

As already mentioned, dumbness is dependent, not on ^fect of the organs of 
speech, but on the absence of hearing. By assiduous efforts deaf-mutes learn the 
movements of articulation by means of their sight. The q>eech which they acquire 
is most Goxgmonly harsh, owing to the want of the senag of hearing to regulate their 
articulation. There was no discovery hailed with greater interest than that of teaching * 
the diunb to speak ; and undoubtedly, harsh though the sounds be— «nd yet they are 
not always disagreeably harsh— there Chn hardly be a greater triumph of human art. 

It will hardly be believed that some innovators on the education of the deaf and du&b 
seek to abolish the practice of teaching them to articulate, on the groulid that their 
harsh speech is unfitted for the uses of society, and that they can communicate with 
their fellows sufElciently by other means, as speaking on the fingers and by 
writing. This is a most unwarrantable view of the case of these unhappy persons, 
particularly when they belong, as by far the major part of them must do, to the 
labouring classes of society. We have only to consider how many perSbns one in 
the condition of a Ldhourer must meet with daily who cannot write, or read writings to 
be satisfied that this innovation on the education of the deaf and dumb shopld Ih) at 
onee put down in every institution in which it has gained a footing. 'Iliere is every 
reason to believe, that in proportion as*a knowledge of the mbde'in whioh the sounife 
of the human voice in speech are produced beoomi^ better understood, the artificial 
articulation of the deaf and dumb will become less and less harsh and disagreeable. 

Ilompaxatiwft Vhpalology of Toleor-^Organs of voice occur among inferior 
animals, in- the mammalian trihes, birds, and reptiles. In mammals the organs of 
voice bear a close resemblance to those of man. In considerable modifl- 
eatiens ooeor on these organa. In reptiles the apparatinrof ^doe is of greater ijss- 
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▼oioe 0 f — ^Among mammals some are mute, and yet these are not 

always defioient in those parts of the larynx which arC most essential to voice. 

Among the orders which compose the class mammalia, the cetaceans, consisting 
chiefly of the whale tribe, are oiben described as mute. These apimals, however, are 
not mute altogether, but possess only a single lowing note, or at the utmost they have 
the power of simply hollowing. Thorn are two distinct sections of cetaceans. The first 
includes what have been termed *tho herbivorous cetaceans, such as the sea-cow, ih& 
repr&tmtatv'e of the popular mermaid, and the dugong The second order includes*, the • 
common cetaceans, popularly known as blowct-s. The act of blowing, from which they 
derive their namo, consists in\he expulsion M water 'by the nostrils; that is, along 
• *■ with their prey they receive a large quantity of 

water into mouth, and while the mouth re- 
mains closed they blow out tliis superfluous 
water by a holt* iti the upper part of the head. 

^ ITiis expulsion of water is produced by means 
of a peculiar arrangement of the veil of the 
palate. Tlie water accumulates in a sac situated 
at the external orifice of the cavity of the nose, 
whence, by iht^ fJompression of powerful muscles, 
it is violently expelled through a narrow aperture 
pierced on the summit of the head. By this 
contrivance these animals throw forth those jets 
of w'ater which are seen by mariners at a 
great distance. The larynx has a pyramidal 
form, and penetrates into the posterior portion of 
the nostrils to receive air, and conduct it to the 
lungs, •anthout the animal being obliged to .raise 
its head and mouth above -water for the purpose. 
As tliere are no projecting laminro in the glottis, 
tlxey can hardly be said to have the proper organs 
of voice, and thus the noise they malie may he 
described as a simple vehemence of expiration. 

The larynx, however, in these animoh is 
, highly devclopc^d in other respects. 

Among the animals commonly described as 

eitonoi,oFl»)i,oT7ii.pitA«n«x,.win..i.T»* “"<» “ *0 o'" camel-leopard, tonned by 

OF poarpiMH"- JftMMOw </ OttlUgeof Su '- naturalists Cameleo-pardaJis giraffa^ In the giraffe 
o, of larynx : o. pha-' the vocal ligaments appear to*»e absent. * 

rynx ; ^ iaryiigeal oarities laid oiien. The armadillo (Dmgpus) is another of the 
* ** mammalians described as mute. The only pe- 

culiarity of the lar3mx'' IPhich has been obsertod is, that the epiglottis, or valve- 
like cartilage of the larynx, is b^lobed. The armadillo, it will be remembered, is 
remarkable among mammals for the scaly, hard, bony shell, composed of i>avement-like 
campartmeats, which cover the head, the body, and even the tail. These animals 
belong to Ihe order termed Edentata. They live in borrows, which they excavate. To 
t^^ote&ta idBQ belong anli^eaters {Myrmeeophaga), which gro regarded as mute^ 
If liia is foinid the sloth {jBradgpui tridaeiylus). In this animal, however, 

i vocal 4 ^ Ibimdg and the windpipe is convoluted. The voice is a 
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plaintiYo melody, consisting of an ascending and descending scalo of the hexa- 
ohord. • 

Among the Bodentia, or gnawers, the common porcupine of Europe is mute. In 
this animal it has bgen ascertained that there are no vocal ligaments. 

Such, then, are a few examples cf tho animals in the class Mammalia which are 
mute, or neai'ly mute. 

In the order Buminants wc find animals possessed of a sonorous voioe, exemplified 
• particularly in the ox. In the ox tho larynx is well developed ; there arc no superior 
vocal ligaments, hut the inferior or true \hcsl ligaments^are slrong, and nearly an iii< 2 h 
in length ; the windpipe consists of fifty-two cartilaginous rings, that is, nearly three 
times os many as their number in man. Tho voice is sonorous, intcxftG^piiched in 
C = 2dG vibrations in a second. • 

Tho sheep belongs to the same order of quadrupeds.^ Thc^larynx differs from that 
of the ox only In dimensiuns. ifho voice is guttuial, pitcjied in = 341 vibrations in 


a second. « 

^ To the same order belongs the camel Jiactriantfn). 

In the camel the Isdynx is well <3cvclo](|jd ; tto superior vocal 
ligaments a^ present, and the inferior vocal ligaments are 
strong. * The voice is grave, but seldon^ exercised. 

In the Pachydemiata, 
or thick-skinned animals, 
there arc many species pos- 
sessed of a sonorous voico. 

Among those are tlie horse, 
the ass, the hog, the rhi- 
noceros, and the elephant. 

In the horse the larynx is 
highly developed, and Iho 
wdiidpipc has as many car- 
tilaginous rings as that of | 
the ox. Tho superior vocal 
ligaments are not promi- 
nent. Above the junction 
of the proper vocal liga- 
I’iXion "»ents, Woon tliat anJ 
d, aiTteuoid cartilages; the epiglottis, there is an 
“■ OTia cavity, and on tho 
^ « posterior surface of tho 

epiglottis there is a groove, furnished at its base 
with a Bcmi-lunor membrane* To this membrano 
much effect has been ascribed in tho production of 

the peculiar neighing of the horse. It is doubtful, , 

however, if thia peouliar aound be so much d^n- 

dent on this membgane as has been beUeved. erooTe ; «, ventriicles ; arytenoids ; 0 , 

In the ass the larynx is al^ well devoloped. inferior vocal cords; A. trachea. 

In the windpipe the igmgs are spiral* The bray of the ass— i^hieh seems gfeatly to 
d^nd upon the presence of two large sacs placed betwe^ tlie vocal Hgamonts ^d 
the intemal surface of the thyxoid-^is well known ; it ha^a mnge of aboutwftYO tones* 



LSRTKX of camel laid 
OPKS — Bishop, 



TjLxmx or morse— BirAop* 
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In the mule the laiynn resemblei that of the ass. The Toice is a q>eci88 of hray^ 
more resembling that of the ass than^the neighing* of tho home. The tapir (Ikptr 
Amerioanua) has some peculiarities in its larynx. It has^ however, superior vocal liga- 
ments, which are short and distinct, and inferior vocal ligament^ which are strong. 
Tho voice is a species of whistle. 

The hog {Sua aerofa) has also some peculiarities in its larynx ; its voice, as is well 
known, is a grunting, discordant ^und. 

Tho rhinoceros is remarkable for having the superior vocal cords very prominent. 

In elephants tho laryhx is largely developed. The superior vocal ligaments arc in- 
distinct ; the inferior or proper vocal ligamenttf*are strodg. Tho windpipe (Exhibits thirty 


ringSf which af e often partihUy subdividc'd, as in tho case of the bronchial ramifications. 
The voice, aided by the trunk, is intense, and of grave pitch. 

Under the head of 3{arsupial animals, wo find ^e kangaroo and the opossum. 

4 , ^ in the kangaroo {Maerojam major) several peculiarities 

occur in the larynx. In particular, the vocal cords are mem- 
kjL branous, and fold upon themselves,^ so that they caimot ho 
f stsctchcd by the^irytenoids. The voice 

Jill f when in pain consist# of a piteous 
, moan. In the opossum ^Dufelphta 

^ rc opossum) the vocal ligaments are very 

tC short, hence the voice is acute. Tho * 

m opos^im purrs like a cat. 
m In ^hc order Carnivora we find ex- 

w %oiplos of animals with intense voice. 

fl,th 3 T 0 id«irUluge; 1 J, «fl. In tho lion (mis Uo) the larynx 
cold; e, orico.th]rrQldliga- j[0 developed ; the vocal ligaments, I 
B. TIKW OF iH. rape™*- “Ml >nlenor, arc present; 

^ nAMK ilie superior being prominent. The 

%heUuSinSitr^!tiachMu ventricles of the larynx are deep, form- 
ing a sac between the tipper and under 
vobal ligaments. The windpipe is possessed of fifty cartila- 
ginous rings* The votee is grave, highly intense, the roar 
terrific. 

Tho tiger (mis iii^ris) has a laijvnx resembling that of tlio 
lion, the superior vocal liganicnts being very prominent. The 
voice of t^o tiger is more acute than that of the lion. It pun-s 
like the catt The leopard and the oat belong to the same genus, 

Uopttrdm and mik eatw. These two animals, like the 
rest of t^e felino tiibe, have the superior vocal ligaments well 
developed. It is supposed that by these superior vocal ligo- ^ Motti 

ments the purring sou^ is produced. The vaiee in both ani- \ superior VeSSTOrdi; 
twnU ifi a mej^ng— have bv night a melancholy cry. ^ inferior vocal cords. 

In the order Quadrumana, to w^ch tbe apes and monkeys belong, tho cagfttifa’fli form 



of iho organ of voice does not vary much, but peculiarities occur on the resounding 
walls. Thus in the ourang-outang a sac exists betw(^ the thyroid cartilage and hyoid 
bone, wfd in the mandtill, pavilin, end macacos, membranous s^s are observed bedow 
hyoid bone. In the Idycetes, or howling apes of the New Wmrld, the apparatus 
4i^the xUtMmce of the is gresteit. In these tho hyoid hone and the thyroid 
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cartilage axe expanded in such a maimer aa to oontain Ikrge cavities, which open into 
tiie ventricles of the larynx, and!sheside8 this £here appear to be sacs common to the 
larynx and phaiyTix. Further, the epiglottis in these apes has a very large and peculiar 
form. In the Sapajous (Ateles and Cebus) a ouiwed tube is formed by the increased siae 
and altered forms of the epiglottis, and some adjacent structures. The voice of these 
animals has a whistling character. 

In the chimpanzee the tnio vocal ligaments 
«are prominent. The windpipe has sixteen rings. 

The voice is more acute than in woman; its 
quality inferior, owing probably lo the sacculated 
larynx. In the ourang-outang the inferior .vocal 
ligaments are prominent, but not soslong as in 
the families of the human race. 'The ventricles 
are v^vulor, so that the indatioi of the peculiar 
sacs is under the control of the animal. ^ 

In the Gibbous the ventricles are deep, and 
communicate with a sac. The voice is achte; 
the cry “ bow wow.** ^ 

In the monkeys of the old continent th^re aro 
also lai'yngeal sacs. These sacs modifj'kthe quality 
of the voice, giving to it, oven when acute, a pecu* 
liar hoarseness. In the Simia a])polla and Simla 
capiicina, thero arc some peculiarities in the struc- 
ture of the channel for the passage of air. Tho 
voice in quality is like that of a flute ; hence these 
are called whistling apes, and, from tho peculiar 
expression of this whistle, which is a plaintive 
meloSy, they ore termed weeping apes. 

Voice of 9iFds> — Tho great peculiarity in tho organs of voice among birds is the 
inferior laiyux ; that is, birds, in addition to the larynx corresponding to that possessed 
by niaininaLs, have one peculiar to themselves at the inferior extremity 
of the windpipe. Even the superior larynx of birds difters consider- 
ably, from the jaryRX in mammals. The suiHsrior larynx, like that of 
mamnials, is placed just below the hyoid bono. is partly cartila- 
ginous and partly osseous. In the superior larynx of birds thei’C are 
cartilages corresponding to the thyroid and the cricoid, the two aryte- 
noid, and tho epiglottis. The cricoid is much less developed than in 
mammal^ ; it formsj^ut a small portion of a ring, occupying the pos- 
teiior pai*t of the larynx, and supporting, as in mammals, the two# 
arytenoid cartilages. Tho thyroid cartilage, consequently, rests on 
the first ring of the windpipe. To the ;H>sterior margins of tht>tIl 3 nroid 
oortihige are connected two quadrilateral bones, by which the extent 
of the protection afforded by the wings of the thyroid cartilage is 

much increased. arytenoid cartilages are long, and taper upwards 

and downwards ; they fonn by t^eir inner margins the chink of tho sjsotiok or no*- 

glottis. They are genegOly oasifled ; their e:i|ttemal margibs axe bounded 

by the thyroid cartilage. The epiglottia hot most birds is rudimentaxy, 

and generally is oaaeona. The chink of the glottia in birdeia triangular, thoapex bAilg 



tsArmuL rixw or lauVnx or cHiMrANZK*. 
aHf sac connectod with the lateral ven- 
tricle ; 5, hj'oid bone, with r, sac pro- 
truding at lU base ; thyroid ; o, tra- 
chea ; /, cricoid. 
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directed up varda. It is bounded in frpnt by the thyroid cartilage, on each side by the 
arytenoid cartilages, and behind by Iho cricoid cartilages ; but it has no salient mem- 
branous l a r piu ^ Ci such as the vocal ligaments in ma n and mammals are. It is capable 
of expansion and contraction under the action of several muscles.^ The inferior larynx 
is, as wo have seen, peculiar to birds. It varies very much in form and structure. 
This larynx, the vocal instrument of birds, is a tube, at the opening of which is a mem- 
branous tongue. This tongue is a doubUng of the iniorior lining of the bronchus, its 
free margin being directed upwards ; and birds have for the most pait a smaller or greater* 
number of muscles, capolde o{ sborteiiing tlfls tongue oy of lengthening it in the direc- 
tion of its height, and of rendaring it tense or^lax in a transverse direction. 

In genivifi the inferior larynx of birds ‘is produced by a membrane which makes a 
projection on each side -of the inferior orifice df tjie windpipe ; this orifice is divided 
into two apertures, soiisetimc^ by an osseous bar passing from before backwards, some- 
times merely by the angle imion between the two^bronchial divisions of the wind- 
pipe. The bronchi are not composed, ]^ko the windpipe, of complete rings, but merely 
of osseous or cj^ilaginous segments of rings of a greater or smaller number of degrees 
in extent, each haviSg a pfoper curvature in the state of rest, which cxirvaturo may 
vary to a certain amount by the action of v^luntlry muscles. 

It hence follows, ''that the portions of the walls of*the two bronchial divisions of the 
windpipe, adjacent to (that is, looking towardsjf each other, are for a gi*eatcr or smaller 
extent membranaus, being there destitute of any osseous or cartilagiuous strueture ; 
and it is to this usually larjjp^portion of the wall of each bronchus to which Cuvier 
gives the name tfuoipaniform membrane. Thus two tympaniform membranes descend 
looking towards each«otl|^r from the angle at which the windpipe divides, fonning the 
interior wall of i9ach of its subdivisions, and being extended transversely between the 
anterior and posterior oxtremities of the upper osseous segments of these sumo subdi- 
visions; these osseous segments extending only along the posterior, t^e external 
* and anterior part of their wall, so as to leave the inner part of each bronchus simply of 
a membranous atioicture. 

The first osseous segment of each hi'onchfts has much the same curvature os the 
•vAndpipo itself; but ,the second and thiid are portions of larger circles, and arc less 
convex exteriorly than the first, so that these last project on the inner side of the 
tube. I 

On this interior projecting pai;^; the lining mombrano forms a fold, and it is this 
feld, half shutting one of the inferior apertures of the windpipe, which offers to tltc air 
issuing ferth a tonguo capable of vibrating and of i>roducing sound. 

The ixfterior larj^nx of singing birds, and sumo othoi: birds whoso yoioe is^far feom 
mimical, is very complicated. The last rings of the windpipe uftite into a structure 
two or tkree Unib in length, newly cylindiical above, and expanded below, where it has 
two^ohtuse points, one anterior, another posterior, joined by the bony bar passing from 
before backwards alreSdJ^ spoken of more than^>nce. This bar is so placed that the 
windpipe opens below by two o'l^ holes, making with each other on obtuse angle, 
and each of these holes communicates with' one of the bronchi 

The three first osseous segments of e^h bronchus are more, neap to each other and 
flatter than those which succeed them, l^rom the first to the third there is a gradual 
elongation behind, so that the ^terior extremity of the last makes a sort of projection, 
o^ngjmg to the sudden difemution of the feurth segment. The arc which these segments 
ferm haxtUs^'bXoeeds 60% aiii in each bronchus the cord of this arc, so to speak, is the 
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tympaniforra meiibraiio. The first segment of each Sronchus cnryes its anterior extremity 
towards th(‘ inner surfaces of the ^bo, where it erticulates with a small oval cartilage 
which ia fixisd to the tympaniform membrane, while it forms within a prominence which 
is the vibrating lamina of the larynx on that side. Thus the transverse section of each 
bronchus is below nc%rly circular, tlie section higher up becomes the segment of a circle 
which diminishes iii one direction while it enlarges in ‘another ; and the passage of the 
air upwards into the windpipe takes place by two oval holes, each furnished at its 
antcrif)r border with a salient lamina. This apparatus is supplied with ten muscles, 
five Hh each side. ^ ‘ • 

Of those, pne descends froi»^ the inferior of the wihdpipo to the anterior extre- 
mity of tlio third segment of th(5 bronchus, and, by its contraction, drays that point 
upwards, thereby making the vibratinjj lamina project farther inwards, and,'ht the same 
time, rendering tense lengthwise all that pari of the tympaniform membrane lying 
below tho segment to which the muscle is attacdied. Ai'lbthor*muscle parallel to this 
has m'orly the same attachmenfs, and a like office^ A lliird muscle, much smaller, 
extends from the inferior and posterior pait oY the windpipe, aurbis inserted into tho 
posterior extremity of t’?e second bronchial segment. Its actio^ is similar to that of 
the former. A fourth muscle, passes ojlupiely from tho winclpipo to tlie posterior extre- 
mity of the second bronchial segiijcnt. It idraws that segment upwards and outy ards, 
so as to aid tho action of tho muscles already referred to, and i?f that which follows. 
The fifth muscle is n(\ longer than tho preceding, but is much thicker. Taking its origin 
from tho last ring of the windpipe, it passes downwards and forwards, and is inserted 
into tho anterior extremity of tho first broncdiial segnient, and pariicularly into tho 
minute cartilage already mentioned as being articulated w'ith that point. Its chief 
action ia to draw forward the small cartilage, and conscquc^^tlyVorcgbly to put on tho 
stretch, in a transverse direction, the upper pari of the tympaniform mcnibrano. ; 

Such a complex structure of tho inferior larynx belongs; as was binted at, not only 
to silting birds —such ns the nightingale, the wren, tho blackbird, tlie goldfinch, the , 
lark, the linnet, the canary, and chaffinch — and to those witli a monotonous cry, like 
the swallow, tho sparrow, the starling hut also to some with a decidedly disagi’ocablo 
cry, such as tho jay, tho magpie, the crow, tlie raven. Thus not only is a complex 
organ necessary to the musical singing of birds, but also a fine general organization and 
a singing instinct. 

windpipe in birds presents some very singular modifications. As the voice is 
produced in the inferior larynx of birds, situated at the lower part of the windpipe, this 
tube comes to form, toge^er with tho mouth, the tube or pipe placed in front of thi 
organ of voice. In shor^ the windpipe of birds comes to occupy a place corjg^ponding 
to the sifsaation of the organs of speech in the human body. It is capable of being , 
shortened, not only fiy the dimlj^ution of the spaces between the rings themselves, ^ut 
also by tho rings being received one within the other. In many bir^ the windpipe is 
much longer than the neck, being thrown into convolutions, structure is dbs^ed 
in the cock-of-the-wood, the stork, an^ crane. ^ In tho wild swan the o.env<J!(llions of 
ihe windpipe are lodged in a cavity of the breast b*ne. Nor is the windpipe always 
cylindrical, for in herons and commrants it has a conical figure, bi^ming gradually 
wider and wider towards tho , mouth. In some species of ducks it presents a sudden 
dilatation, while in the goosandoff and some members af the du<^ ^imily, it undergoes 
gradual dilatations. » ^ 

Tlmt the inferior Urynx i« the trae oigan of has been pro^ 
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cxpecriments. Pcfr example, anatomists have divided the windpipe in singing birds, 
such aa the blackbird, about tho midUlc of its lenji^th, so that the air could no longer 
pass through the superior laiynx, and yet llie bird would continue to sifig, though with 
feebler tones than before. Similar experiments have been made on magpies aiid on 
ducks. After such an experiment, tho magpie is fbmid to cry witfi as great intensity of 
tone and with the same aciLtenoaii as before tho operation. Again, if air ia blown into 
the broiiuhial divisions of a diick after their soparation together with the inferior 
h^|:ynx from the body, a sound exactly bimilar to the natural cry of the bird is obt^jned., 
hiVen oiler tho bronchi* have been cut awyy, by blowing into the li'achoa the samo 
sound is produced. • • • 

It is iiotji, however, ti bo concluded that the aupcfrior larynx exerts no modifying 
induonce ufi the voice in most hioU. It is lugnifestly ojicned and closed nipuliy in 
singing biids, so that^il is iinpos&ible to doubt thul it takes an active purl iji Uie pio- 
duetion oi melody. In tho^ong^of the eamuy and tjjo linnet its siniultaiieous ino\'e- 
meiits with those ot the imfiilh are readily observed. Its eilbct, however, on tlie pitch 
of tho Voice is not 4.tUj>])osed to exceed^ wuii-tone. PhysiologUts still Jouid w'hetJicr 
tile sounds ol Ike in b^rds ai’o the rocult, in man, of the vibrations of a reed or 
tongue, or, as in riicro lluUNpipes, of the ribratiof.i, of a column of air excitcil by file- 
tion against the lips lA an opening. Thcrifis uiniuisitionably a great djjrerouee in tho 
mode in which voice la pr(Mliiccd in dill’crimt birds. It seems certain that the simple 
orgaii of voice in the dude, the goose, and llie like, is a reed iiisirdiiicnt. lu these iko 
vocal cords, or hands, wbieli form the exterior mmgiu of the opening of the laj>nx, cun 
bo Been to vibn^e airongly, •^Cijilo tho sound produc<*d idosely reseiubjus that arising 
fiom the vibrations (d membranes. But it is by no moans so cJtjar that tlu! piping, 
■whistling soniids^of mngfag birds are produced in the same manuer; and it i.-* not 
impossible that these may bo elfcctcd in the bamo mode as whistling by the mouth 
in man. 

, Scvifi-al roa.sona, ho>vovor, may be urged in favour of tho opinion tliaf the souuda 
uttered by singing birds arc the cficct of tiie vibrations of lougiics, will us ihc voice 
of the duck and the goose. For example, vocal cords under musijulai’ action can 
hardly escape being thrown into vibrations ; and even though tho friction of tho air 
may be in part concerned in tho pruductiou of tho sounds, a comiionsation must aiise 
between tlio vibrations of the air and those of Iho vo(Jal ligaments. If this be c<ij;rcvt, 
the organ of voice in birtls -would not bo entirely analogous to a whistle or pijic, but 
would in partpObSCMs the constitution of a reed instrumout. It is found that tlic length 
df the ■^ind2)ipe has but a veay slight inlluonce oif tho note jiroduced by tlie lar> nx ; 
and. that :Qjic*t corresponds with the slight eifoct on tho pitch of the notes produced 
by placing a tube in trout ol the human hirynx. It Ls also fomjji that aoilnda pro- 
dufed b^lowing, by means of a tube inserted in a bronchus through tho 1 ow(t larjmx 
of some after i^s sejiaration from tho windpipe, are not perceptibly altered in 
pitch by holding a tubij front of tho larynx J ^hus is confirmed the rcbemhlance of tho 
lower IdSl^nx iii birds to tho character of the larynx in man. It may bo added, that tho 
greater number of the notes of bhls may be obtained from the inferior larynx by vary- 

seoias to point to a ro^mblauce with the 

jpt of blowing by varying force upon the notes of flute-pipes of the same size as 
liriwlpipe of -smalk flinging hirds. But it is to be remembered that the same vario- 
phonfl of n ot^ by vaiyi^ Btrength of the blast, may beproduosidin reed instrumentB 
▼W tongues, eren in reedfl v4th very deUoate metalHo tQi^ueflw 

— 
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The influence of the windpipe on tho notes^may be either the same as that of the 
notes of fluto pipes, or it may rpefbly influence tho notes in thii manner of tho tube of 
reed instnimonta. Contraction of tho upper opening of the windpipe at the superior 
larynx may lower th|' note, as in pipes and reed instruments. 

An influence may bo exerted on tho sounds produced in tho lower laiyux hy tho., 
tympanifoTin mombfane, whicli vibrates strongly at Ine time. Between the internal 
vo('al cord, the scmi-liiuar membrane, and tho tympaniforui mtunbraiic, tliere is a 

of compensation, tho latter being analogouvS to tho incmbrano formed of a reed 
sialic, * I • * * 

The muRclbs w'hich vaiy the tension hf the Avails of tho jocal pipo are in continual 
action during tho modulation of tho Voie»‘, in or(l<‘r to adjust tho tubo of tlv windpipe 
to tho pitcdi of tho glottis ; hut t^io ^lumber of vibrations may be determined by tlio 
glottis, reinforced by tho walls of tlio pij>c, as in niammalf^ * 

'rile v<»i<:o of birds, as of otluf ujiimal.«!, is also in a mimpr Irey. Tho range of note's 
is conunonly within an octave, though some bir^Js can greatly exceed it. Tn the parrots, 
which have a voice of gr^Jil poAVer, the iiilerior larynx is single. The bvo mcnihnines 
of tho larynx b'avo a narrow chink b«'t\v*«(‘ri tlffen), tliroiigb whicli The air is ibrcctl from 
the lungs. These memliranes, A'ibrati^g inwall tlv ir diuu'nsious, produce that liaivh and 
disagi'oeahle quality of sound pecifliar to them. They can also wlrtfllq, during which the 
glotiis is ])rol)ably silent, and the coluitin of air vibral<‘.s as in a flub', when a vibjatory 
luoveuK'nl is (!oniinuni(;atv-d by the air traversing the clnstitj walls of the tube. Besides 
the po^ve^ of speech possessed by some biids many canjl^iif ate almost cATry sound they 
h(’ar; llio blackbird has I'ccn known to imitatj the sound of the’^nightingalo, tho 
('rr)wing of the common cock, and the cackle of the hen, ^ TV? j'iv is said to mock 
the notes of the greenfinch and tho neighing of tho horse so clovdy tlltit it was scarcely 
belicv« <i to ho a bird by llio.so who heard it, <ilao tho calling of fowls to their food, and 
the hyking of the house-dog. 

'I’he yarn ty in the song of singing birds is a subject of tho gi'oalost interest. ' 
The fiongst'-rs, properly so called, include the skylark, tho AV'oodlark, the thrush, 
‘tlu' blackbird, and the nightingale, li slight notice of the notes of each of these 
follows : ' '* 

I’he skylark is one of our most ngrooahh' songsters. Its song is composed of several 
Ftraiii^, each etm.sisting of trilling and waroling'Hotes variously modulated, oceaBionally 
interruydod by a pOAVCi ful A^’■hi.stl^^g. Sometimes tly; lark sing.s on the ground, porclied 
on a«*]od, or crouched among the grass; hut generally in commencing its song it, 
starts off, rises perpendicularly or obliquely in the ^Avith a fluttering moiton, and 
continues it till it has attained its highest elevation, which not un frequent ly Ts suetf as 
to rcndoi’ flic bird sca^^cely perceptible. Even theqg^as remarked hy a distinguished natu- 
ralist, if the weather be cairn, yon hear its warble coinliig faintly on tho car gt inter- 
vals. The lark is also a bird of singular capacity ; tho young learn "the notes, of 
any other bird which hangs near the«i in confinement, and dome full-growyi birds 
axe observed to possess a like facility. Thore is, hoAvover, a consideraRle difference 
among tkrks in tho strengt]^ and melodiousness of Ike note." In confinement some 
4arks ^gin to sing (is early aa November, and go on singing ifntil moulting time ; others 
begin in March, and cease aa earl| as August. In the wild state their period of sing- 
ly is much shortened. ^ • * 

The woodlark is considfoahly less than the skylark, bi|t of all the laiks it is the ^ 
sweetest songster. Its yedee has bH rkedody 6f the §ate, marked at tfimes by a 
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tender and even somowbat inolanoholy strain. It sings sometimes in &e air, Bumotiiuee 
on the top of a tree. When singing isT tUo air it is frociuontly seen flying in large, irre- 
gular oirdea. The woodlark sings late in the evening, so as sometimes to Ivj mistaken 
for thp nightingale. Tho female woodlark, Hko the female of larks in general, is not 
destitute of song ; but all that it can reach is a few strophes mucli inten'ujdod. 

The thrush has a clear anrf boautii\iI song. On the teps of tho highest trees it 
weloomos tho approach of spring,* and sings throughout tho whole summer, especially in 
! tbs’' moniijig dawn and tho evening twilight. It is kept in a cage by hird-foncicrs^ 

I whence ofttm on a mdl niiifo evtm as corljr as Fi'bruary, it will delight a whole sti'eol 
I by its pleasing song, outsiae tho window, or even inside, provided the window bo a 
litUo opeu^ • Tho thrufifi in its wild state is fond of bathing. '* In Scptciuber and 
October they are often caught at the places wh#re they water, before simriso and after 
sunset, and even so }pte tliat they cannot be seeh, but are only heard. At the time 
of bathing they have a pcc\iliai' call-note. Wlicn % thrush finds water, or when it is 
flying towards a known watering place, it i)ipcs loudly tf/Ar, s/i*, sikj sil% taaky tsaJc I 
and immediately alf tho thruahes in the neighbourhood reply, and come on. 

The blackUird hits a sgjng rieli in meiody,, containing some deep notes, like those of 
the nightingale, yot varied -with some which ar#t unpleasantly harsh. Wlien at liberty 
it sings ftom Maxcl^ to July, particular!} at night# In the cage it sings throughout 
the whole year, except at moulting time. Its ppto is pure, (Hstinct, and clear. It has 
a good memory, and will learn several airs or ihclodics without ctmfusing them. It is 
oven able to imitate words. 

Tho nightingii^le by the lin^ttess of its voice surpasses every other bird. Tho variety 
and poculiaiity of it^ tones express its varying emotions. 'V^cn tho male is alone, its 
most significant potc is tlfe pipe-note witU But if the harsh syllahle, krr^ be added, it 
forms the call of the mole to the female. To express anger or fear the note wUt is 
repeated with great loudness audrapidity before the termination /wrisadded. When happy 
and contented the nightingale' utters a deep tack. Under the cxoiteiiKtit of 'anger, 
jealousy, or alarm, the nightingale utters an unpleasant shrieking tone, which resembles 
the cry of tho jay. Wheu they ^rt and chosp each other, which they frequently do in^ 
pairing time, they utter a very short chirping sound. Such notes belong to both sexes ; 
but the pOM^r and the brilliauey of his song distinguishes the male. His vocal organ is 
of striking power ; the muscles of hi^, throat ore more robust than those of any other 
' ffinging bird. Besides tho strength of his voice, the nightingale is rcmaikablo for the 
Ibroe, the agreeable transitions, add the beautiful harmony of his song. Commencing 
eoftly, ho warbles for a moment a succession of low melancholy notes, which 
griAtiaUy# increase in strength, dhd at last die away upon the ear. A variety of sharp 
notes fbllowst and then are uttered numerous hurried sharp notes, intermiiiglod with 
sdhe detached ascending notes, with which ho generally closes his strain. In the song 
of a flne*n%hringale,^thou£ reference to slighter variations, there are at least four-and- 
tmxty dtffiitent strains^ ^ 

Among ttte sparrow and' finch tribes there are many much prizo^singing birds. 

IKie bullfinch has naturally afiarsh, creaking tone, but young birds learn aB^kinds of 
adrs, and melodies. If it bo desired lhat a bullfinch Ishould sing perfectly, it ought 
^ b0 taught more than one padodyt in addition to the fttnfiro^ which is alyays^ 
.vAiW^y'V^ofeurito ^ 

a: .<^0 hMiA va^ety nf ^Jt^foasive of Its wahts and desiTes. There 

aspeam tp imnaafic.a change of 
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temperature. The call-noto, which it uses chicfty od its migration, is a repeated 
yaek^ A spontaneous sound appe^s to hQ Jlnk^ jink, which it reiterates, and from whioh 
perhaps tho root of its name is derired. Moro remarkable than those notes is its clear 
and trilling song ; approaching more to distinct articulation, it is termed a quaver. 

bird has one, two, three, and often as many as four different songs, each of which 
lasts a couple of seconds, and consists of several strophes. Those who desire a particular 
account of tho different songs of the chaffinch, may cohsult “ Chamber Birds,*! byBcch- 
•stein, translated from tho German by Mr. Shuckard, Tioudon, 1848. 

Tho linnet has a very remarkable, loudj^and fliite-likc song,* consisting of many con- 
nected strophfis, which is tho more beantiful the oftener it utters some high-sounding 
notes, which arc termed its crowing, from tho resomblancS to the crowing of a cock. 
From its natural flutc-liko voice, thia bird surpasses all others in its capacity for imi- 
tating melodics in a beautiful and pure style. A young linnet Jaiight by a nightingale 
has an exceedingly pleasing son^. • 

The goldfinch lias a shrill, agreeable sonjj. heard during all seasons, except at the 
period of moulting. It contains many warbling and twittering notes, on which it 
dwells more or loss, and the often ar tho^ylhd)lo,/?»^ is repeated tiio mefre it is admired. 
Sonic birds utter these notes only o4co or twice in their song, while others give them 
forth four or five times in suoces*!»on. Thd goldfinch docs not acc[uire the song of other 
birds with so much case as the linnotnand the canary, 

Tho canary is disLinguished by correctness of car, by the roraai‘kable skill it pos- 
soascjs of imitating all tones, and by an excellent memory. Whilo canaries imitate the 
notes of other birds, they mix thfem with their own, ite grea tly to i^nprovc tho song. 
In different countries canaries exhibit a tUfferent character o^medody. Those birds 
which intonnix in their melodics several strophes of the sing of the nightingale, are 
called Tyrolese canarios. The English canaries, on tho contrary, imitate the song of 
the liyk. 

Even birds of prey often exhibit no small oxtent^of voice. The kestrel haa a bell- • 
like ringing voice, JMj hUy hliy which ho ofttm repeats in rapid succession. Tho white 
owl uttci'd a plaintive cry, which by^tho superstitious has been regarded as a sign of 
death. The raven has a hoarse croak rcsembUng the syllable eroek or eruok, buk it 
also utters a note not unlike the sound of a sudden gulp, or the syllable p/muA, 
whiph it seems to utter when in a sportive mood. Tho rooks have a considerable 
variety of ‘ sounds. Their chief cry resembles the syllable khraa^ more or less 
harsh, or soft according to occasion. T^ero is great diversity in the voice of indi- 
viduals, tho notes of some being much louder and clearer than tlioso of others. Their 
cries, separately, are monotonous and disagreeable ; yet when at some distance, and 
uttered ^y a larg% flock, they become by nq means unpleasant. Mr. M‘Gillivray 
describes the sounds proceeding from a rookery at night as consisting of a varietjr of 
soft, clear, modulated notes, very unlike their usual cry. He regarded th^ sounds 
as expressive of affection, and was perimaded that the mothers were fondling and coax- 
ing the newly-halchcd young. * 

The jackdaw is extremely clamorous, with a loftid and clear note, rescm!bling the 
» syllable kae or <«?«?, variously modi^ted. The noise produced by a large flock, though in 
no degree musical, is far from Ijeing disagreeable. The jay can oyea learn to^eak, 
uttering, however, nqjfihing but solitary words. The|' may be^taught also thi fon&ra 
of a trumpet, and other melodies of single bars, as wdl ^ IWo airs and tho notes of 
many birds. The magpie iniitaftes all striking sounds, anj con be^ught tc^speak niora 
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easily tliftn any other of the crow tribe. The ciy of the cuckoo la uuiversuUy welcomo ^ 
as the harbinger of spring. His principal semndifis nothing but Am-Zim or coo-coo^ 

I repeated at short intervals ; when attention is given, however, it is found that these two 
i loud and mellow notes arc pro(!cd(Hl by a kind of (jlmning or chuckling sound, which 
^ consists of a low and guttural infloidon of the voice, dui'iug whudi the throat seems 
distended. \ 

Tho piirrot tribe arc most relnarkable for their power of imitating luiman speech. 
The ca<3katt‘0 shrioks its own name, eochatooy and calls loTidly, in a trumpet-like tone, ^ 

1 derdmy. Tho cries of ail animals it acquiiag, partiijiilarly those of tluj domestic cock 
and heii. It rarely, howevo]^, acquires the power o^ articulating words. There are 
numerous speoRc's of cockatft) parrots liaving much tho same chai actcr of voico. k inong tho 
commonest of tlie paiTot trilxi in Kurrjpc is the aslifCoj|oiii*ed parrot. This i)arrot readily 
learns to speak, and to pipt\ It has not tlie unpioa^saut wild shriek of some of the 
parrot tribe. It takes no snuftl delight in iaiitating the yoi(5o of children ; hence children 
are its best instrnctors. If its education bo begun early, it will sometimea acquire 
entire verses, and ov^n axioms. * 

'ihe gray wdt)dpcckcr bag a note whicliircscpibles a loud shout of laughter, whence 
some ^of its popular names are derived; this notate Is never varied, except by its more 
elamoroua repetition during the spring and % arly Buu^ncr months, and by Ibc peculiar 
cry, p/w/, plkd^ pftn, winch has been supposed to indicate the approach of rain. 1’he 
W'ryncck m spring frequently and loudly utters pwiyiffi, which is *1110 call whereby he 
attracts his mate. Tho nuthatch utters a loud cidl, wliich may he lic'ard at a consider- 
ahle distance, rcs^bling f/rewf0cck\ deck. Thfj ring-dove, or cushat, bus a loud and 
particularly pleasing cooing, during which *he makes very grotesque motions, which 
may be Imckwarcl^and forwards, or fnra side to.pide, moving the head in every direction, 
Tho turtle dove has a peculiar erj*^, and bows his h<‘ad while it is uttered. 

Voice of Reptiles.— Tho sounds uttered by reptih's and amphibious animals 
• have their source in the larynx, like the voice of mammals. In frogs, as w<Ji] as ih the 
crocodile, there are vocal cords. Jn the crocodile tl>o larynx, though more simple than 
in mammals, still rotaina something of tlie sara^* character. There is one large, long- 
diaped cartilage, to which are attached two movable cartilages. Tlie mucous membrane 
descending fwm these movable cartilages into a deep jamch beneath, leaves a free fold 
on each side, which, when the movable cartilages ai)proximato, becomes a vocal cord. 

In the gecko and the chameleon the vocal cords are more developed tlian in tho croco- 
dile, nevertheless they are formed^ on the same plan. The lizard has an acute, 
chirping voioo, which has been Buj^osed to depend on a peculiar membranous fold 
attached tosthe laiynx, but it really seems to depend on a vibration of the margins of 
the glottis. In the turtle tribe there are no vocal cords, nor is their larynx adapted to 
a perfect intonation of the breath. 

In thd true» serpents there are no vocal cords ; the hissing sound w hich constitutes 
thoir^imperfect voice is a ^ere torcible hreathingi, In the male frog membranous sacs 
at the side of the neck become distended in the utterance of tho vmce, at^d serve to 
increase intensity. In the in whi(^ the hirynx, as in aU o&er frogs, receives 

the bronchi’ directly, without the intervention of a windpipe, there is a large carti- 
la^ons bo^ within which are two solid reed'-like bodies, nearly w long as the ler:^ ' 
' the bodi^ a^&ed; their posterior extremijt^is' 

free, ahd ptojcwts on eecti si^ towards opening of the bronohlSls. The vocal sound if^ j 

|»ol!^oed Viibrathn^ ^ i^edA^9^ tongnei^ whidh act like a tnning-fi>r|\ 
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while iu other animals of the same class the parts wliuli produce the sound are 
memhranous. If a small piece%)f cartilage, a few linos in 
length, be fixed by one end, and a current of air be thrown 
from a small tube ^upon its edge at the otlier extremity, a 
humming sound is heard. In the Rana pipa, also, the movablo 
cartilages arc convex externally, and concave iiit^'Aally ; so 
that when the entrance to the larynx is closed, they 1‘orm a 
• domp oTcr the wundpipc, which lias been compared to a koftle- 
dnim. In the Ra»a temporaria. R. ructihuta and R. hyJa^ thb 
larynx opens Into two sacs on either sidc^of the lower jaw, and 
these, during the cry of iho animal, arc filled with air. • 

Sounds produced by Fisbe^. —A very few ftshes arc 
kno%vn to niter sound-, such as the tngln, cottus, pogonias. ^ 

Tiio Irigla ulters a grunting soimd when it is talcmi 
out of tho water. It has b« (‘ii sup])osc(l that tlie ])<'ouliar 
nmsclo of the air-bladder iu these animala^ias a i^hare in 
causing tlie sound. 'I'he cottus, howcvtjr, fibm which a s^mind 
is heard to proecf-d w'lien pressure isdnado upon its body, Ijas 
no ah-blad(ler. Tho pogonias, on aceountfof the soimds which 
it ]>roducc.s, has been named the tankliour. ^ 'I'lieae fudies pro- 
duce continued soufids under the water. Tho air-bladder is 
very large, and is covered by sli'ong muscles ; furllier, it has 
apjicndagos, which, according to Cuvier, pass betMA'Hn tho ^ 
ribs, and beoonm embedded in the museh‘.<«. ^ ^ 

Sounds produced by Insects.— Most insects are mule ; others produce sounds 
mer(!ly by friction; otheis, again, by (be passage of air through their H]>iraele.s. The 
sounds produci'd by frierton come under tlm head of stridulation ; those produced by air 
from tho siilraelos, jmrring or huniiniiig. In tho orthqidcra, turd some of the colcojitera, 
there are parts adapted to produce stridulation. 

In tho cricket tho muscular ap])anit**.s may h© described as consisting of a serrated 
string like a file, which in the luovciiicnt of the wings is drawn rapidly over a ftnn, 
transparent, and nearly triangular disc, or sounding-plate, surrounded byfi siring, and 
by Ijna act the sound is produ<Jcd. I’he pitch of the sound of the house-cricjfcct is very 
acute, hoing equivalent to about 4096 vibrations in a second. 

ISie cicadoc, tennod sometimes the ** or singers, are so called because the 

males produce, in tho hottest part of the day, a kind^of monotonous and noisy^nusic 


IIANA 'irMl'IVllMltA (CO^I- 
1-mxa) — 

<», Kuimuj ; />, mil bone ; 
t“, su|)<>nm voc il cdi Js; 
d, itU’ei e>r vocul coiUh ; 
f, i)h.ii‘\nx; /, riKlit 
broncLut}. 


“Et oantu qucrnljo rumpent arbustu ciciidBB.**— Viao. 


The music of the grasshopper has from early times attracted attention- ^ ArciSiaa 
sung of it, and his verse has been tlius translated from the Greek : — 


** Erst on the fir’s green blooming branch, O grasshopper P^t'W'us thine ^ 
To slt^r on tlie shady spray of tbedfasky, tufted pine; , 

And from thy hollow, well-wingod sides t<i souifd the blythesotne strain, 
Sweeter than music of the lyre to tha simple shepherd swain*” 


too, who loved these ** living lyres ia the olive ^^rovos sounding all tho summer 
laiSilg/* have celcbratedghe locust : — ' 


Soother . of loves* eaeourager of slei^, 

O locust I mystic muse, shrill wing’d 

- itff ^ 
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Apid the oioada, 

, •* Ctcadfl ! thou, who, tipsy with the #‘W§ 

Of woopini* Hkifes, on the tall poplar tree 
PerchM swayinKly, thyself dost still amufte, 

And the hush’d tiirove, with thy sweet ininstrelsyi** 

Melattger, eUuding to the buzring of inseots, jiayS) Excuto facundas podibus 
bautibaa alas ** \ 

. “ Striking thine owtt speakinif wiiigs with thy feet ; ” 

but their n al organa of aoiuid are pbuwjd on tlie side of the base of the abdolnen, * 
internal, and covered by a cart^aginous plat^, like a slyitter, which is an appendage of 

the under side of the meta-thorax or 
posterior tliorax. Tho cavity \rhich 
\ud|osea these instminenta is divided 
into two paititions by a acaly and 
I triangular edge. Seen from the under 
of the body, each cell exhibits 
antoi-iorly a •white and folded mem- 
brane, and in* tho hollow part a 
stretched out, slender membrane, 
calleTl the mirror. If this part of the 
liiody bo opened /rom above on <*acb 
sidLi, there is seen anothtJr folded mem- 
brane, which is moved by a very 
powa^l muscle, composed of a great 
number of struiglxt and parallel fibres, 

x«o.«.o ,« f f ’’ ™ ’ 

{Mmoa vomitoria). membrane is called the timbale. The 

muscles, by contracting ^d relaxing 
*with quickness, act upon the ttmhales,^ stretching them out or bringing them into their 
natural stale, whereby the sounds are produced, and which, even after the death of the 
onynal, may he repeated by moving * 

tho parts ov|jr each other in the 
manUer they act whilst alive. 

The cieadro occur chiefly in % 
worther, 'Countries of ’the world. « 

One species, the Oioada Anglieay 
the only ^gllsh species, is found*^ 
in the Nevvtorest, 

It is' a commo^t'Mief that the 
buzzing «f im^cta^l produced by 
the ^oscillationB d ^eir wings * ' 

dining aight. .ThU iala*iu» Um ^ 

often c^ed in question* John 

HuntOr ^und that insects emitted sounds ofl^r their urings were cut oiF* More recently 
it has been stated that ^e sounds ptodubed by , many insects are the eii^ct of a rapid trims* 
miss^n , air ,thn)ug1%tibiG thoji^o air*%l^ oa Ihe^^dash through eqiace. Mr. Bif^op * 
has xUBohamsm ibr tbds purpose in the bluo^bottle fly and humble 

bd|^^e .esmioite^ o^ the tboraoio spSraoles in each of these 

: ' w^i thhXUbo i&d the tinvWna. 




raoBAOxc dhsACLS or humblv bbb 
{^ombuB terrestm)* 
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i 

* The Aipplicetlon of Thpeiology. — A|icr the foregoing details of the chief 
points ill the economy of « living nftnrc, it will not, in conclusion, be inappropriate to 
exhibit some of tho great truths of Physiology; to tiace their connection with other 
subjects of human inguiry ; and to point out some of the uses to which a knowledge of i 
this deportment of science is practically applicable. . 

Physiology, taken in its largest acceptation, holdef a most prominent place in the ' 
circle of human knowledge. AVo have seen it trace the development of the perfect man ^ 
through tlie gross of tho holds back to the common mineral elements of the crust of 
the earth. It also enlists in its^ service Ahatomy, Chengstry,* and not a few depart* 
meuts of generfU. Physics ; and it connects ftsclf with Agriculture, Political Economy, and 
the science of Legislation and Govenimont, hardly loss tha4 with Mcdictn^, Surgeiy, 
and the preservation of health. « » 

Tho most striking truth in physiology is, that organi^ existences, including alike 
the highest races of mankind atil the meanest vegetable ox^anisms, arc, in their mate* 
rial comi>osition, derived from tlio mmeral mat^r of the cai'th. The properties of tho 
simple eleuicutary subsiapees entering into the vegetable and the a£m^ kingdom have 
been ascertained witb^^ exactness ; in their Aineral condition, tUey hSvc been fully 
investigaUid ; and their chemical propAiiies and combinations in inorganic nature are 
well understood. And such knowUdgo loads to a second groat principle in physiology— 
namely, that there is nothing in the properties of these several elements of the organic "■ 
world by whi(jh any tendency is given to them, beyond the rest of mineral matter, to 
combine together to produce any form of organic Ufe, however simple, and however tran- 
sitory. 'When, then, in connect^ with this undcuiabie truth, it is co^idorod that, for 
long periods of time, ^ur planet, tho eailh, must have been, fre^m ^ysica^ circumstances, 
totally incaimblc of supporting any form of organic existence, the cduclusiop follows, 
that tho appearance of organic existences on the earth implies an exercise of Infinite 
Powej, by which mineral matter was endowed with the now property of passing into 
the first species of animal and ycgcttxblc life. It is vainM;o say that such stalomonts • 
as these lie without the pale of mductivc science. Man's natural curiosity loudly 
asks whence came organic species, whenever ho considers the imdcniable truth 
that the sui’face of the earth must have lain for ages destitute of suejh existences ; afiid 
the answer which, by the original constitution of hia mind, ho is compeUdd \o giyin, is, 
thaUsuch a change on tho mere matter of the crust of the earth, as its transition into 
living forms, could not have occurred without the inteiposition of Omnipotent Power. 

Tliis great truth, then, is not the loss a naturm inference of the human faculties, 
becau^ it docs not strictly fall within the limits of^ physiology ; it owes its origin to 
the Iteration of the great principles of human belief, implanted in the niind by its 
primitive oonstitutidii, and on the knowledge supplied by tho cultivation of physiolo^. 
The next great step In the progress of man’s knowledge of organic xmturo lies strikingly 
within the limits of physiological science. It is the conclusion thaff each or^inic 
species had its origin in a separate citative power. It is vasBi*for any one pretending 
to the character of a philosopher to xnaintaiit that the idea of a trensmutStion of species ^ 
is £sr more siniple and fax more in accordance with Infinite Wisdom. Every one 
endowed with a pbtlosophic spirit must at once xejeot this idea, singly because there is 
not a shadow of foundation in ijis behalf to be met with in the whole of nature. It 
is impossible la prongunoe with oertemty, ttom phytidlogieSJ^evidenee, whether the 
eeveral races of plants tmd animals at pre«^t living, or disccqrmd by gedlogioal evid^ee 
to have formerly elisted, nod their cr%in dsmx one pair, eg ^m many paiss ; but the 
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strotigoat evidence does exist against the supposition that one species of a lower gi'ade 
can pass successively into otiior species of a higher %radc. On the contrary, nature has 
guarded each species from change with the most sedulous care. }ly ai'tiiicial means, 
and within certain limits, man cian make various changes in the .pccics, both of plants 
and aniiuals.; and accidental circumstances, without man’s interference, produce like 
vaiiations. 15ut it is fully ascoilainod that, as soon as those circumstamscs, whether 
designed or accidental, w'hi< h hare caused a variation have ceased to operate, then 
the species returns -to its original state. ^ « 

As soon as physiolOjfjy, by drawing upoa. the philosophy of mind, has overcome the 
difficulty attendant on the first appearance ofwganio nature on the surfabo of the eailh, 
it traces out*by observation all tliat bplongs to the economy of organic existence. By 
such observations physiology has made known the conditions necessary for the develop- 
ment and mainteiianco of organic existences US well as for their reproduction j and as far 
as j)hysiology has yet discovered, so long as these conditions can bo maintained in respect 
to each species, no tcndenc^f is shown to its becoming extinct. At the same time, a ques- 
tion may arise whcAcr organic species Save the pow'er of unlimited existence, as spoftics, 
80 long as the oMinaiy known conditions neocosfmy for the maintenance of the individuals 
continue unimpaired, or whether a species be, liket'Jie individual, capable only of a limited 
existence ; so that, as in the case of the incAviduals iiC which it is c()mi)osed, its prolific 
life at last begins to fail. The experience of immkind on the eiirth is probably not yet 
sufficiently extended to afford any sufficient data for debating thfs question. But the 
striking analogies between individual life and the life of a species in other respects, must 
prevent us fromj;)Ositivcly affft^ing that species can only die by a failui*e in the ordi- 
nary conditions under which the individuals of tlmt^ecdes aro oeen at present to live 
and tluivo. In the case if the individuals of every species, no matter liow abimdantly 
the Conditions of their life are suppUq<l, there oomes at last a period when their suscep- 
tibility of availing themselves of those conditions declines, so that decay and^ death 
^ are the inevitable oonsequonecs. In the species of plants and animals bcA knowm to 
pltysiologists, no tendenry has ever yet been remarked to degenerate, except that which 
owed its origin to a feilure in the conditions necessary for the existence of the indivi- 
duals of that species. The dodo is an example of a species which has become extinct 
witjjin ivcords of history ; but a single case hardly affords a siiflicicnt ground even 
fot conjecture ; and it perhaps, right at present for physiologists to content tliem- 
selyes with the belief that the dodo peridied from fortuitous causes interfering with the 
carnal conditions necessary to ensile the individuals of that species to live and irive 
on the call’s surface. 

Here, dioii^ver, in stating the p-eat tniths of physiology^ the importance of the law 
of de^th in the organic, ^rld, as taking that part of nature entirel]|out of the*category 
in Vhi(^ hiinerid ^^ture exists, 'must not be omitted. In physiologioal nature, then, 
the law*of death &ay be thus stated— no perfection of organism, no completeness in 
the Wpply of the 0Oiul^<^ of existenee, can^i’eveut any living individual whatever 
at last failing to c^vo the means of maintenance from those oonditionB, and 
prom falling into a state of deoaj^ and dissolution. Such a law is exclusively known 
im phys!(dogfeid nature^ least analogous to it^in the ease of inert 


Ihith of f ®&oh species igaultiplies in pre^korthm 
are mvourable to the. maintenance of the 
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Biological princi^es are quite sufficient to settle tUe questions wlicli have arisen as 
rcBpects the huv of population. country cai! support more inhabitants than it can 
supply with the means of maintenance. Iti&not necessary that tho soil of that country 
should produce enough of corn and cattle to feed all its inhabitants ; but thun. it must 
produce something efso by means of which food can bo obtained from otl\cr counti'ies. 
If tlie inhabitants we skillful workmen, they may couj'ert raw material, iirived from 
other countries, into manufactured goods; and for the waluo of their workmanship they 
jnay receive enough of com and cattle to satisfy their wants. ITicro may be mines of 
mineral w'oaltli in demand among agricultu,ral nations ; and in •xcliange for this w'calth 
they may obtain a sufficiency of Som andijatLle. Still tb^ great law remains unaffected 
that the iiunibor of people w'hieh a coimtiy can maintain cannot exceed tliat for which 
it possesses the raeuns of providing * 

l^hysiology enters upon another practical question of vast importance— namely, 
w'heihcr tlic soil of a country ^an be renewed independently** of the application of 
existing organie matter. Ev(!ry crop which is taken otP a field carries w'ith it a 
certain ainoimt of soil ; not, indeed, equal to aotufiJ weight. hOcauso a great part 
of tho substance of each crop is derived fromjho air, and frpm llv^rain^l If once a soil 
necessarily becomes eiliau&tod by r('|;j'ated croj^s. It is lenewod by the apjdics^tion of 
inanuiv; but as manure, in eomiT^^in circutAslancea, is obtained from organic matter, it 
is plain that tliu organic matter of a.counti’y must be continuolfy declining by being 
again reduced to mineral matter; unless it be proved that under some circumstances at 
least soil can bo nan^wod fnmi the mineral kingdom. Tho animal waste of ovganio 
matter in eveiy country is emormous^that is to say;>% largo quantity of organic 
mattf^r is continually passing hacl^into the mineral state, under such processes as putre- 
faction, combustion, and tho respiration of animals. Plants, ho ^oub^ are continually 
converting inorganic matter, such as the carbon of carbonic acid and tho hydrogen of 
water, into their own substance. But tho organic substances required for food contain 
not oAy hyUixigon and carbon, but also nitrogen; and therefore, unless it. bo proved ^ 
that ammonia, which is the chief source of the nitrogen of plants, bo constantly pro- 
ducii'd in tho luhmral kingdom, it must bp confessed that there is a continued irreparable 
destruction of organic matter upon Hie earth’s surface. Here there is a controversy 
among chemical authorities — some oontendmg that ammonia is continually formed 
in mineral kingdom ; others that tho ammonia which ^appears in a soil iB.dcriYcd 
solely from the decomposition of organic matter. On the detennination of this question 
our speculations rest as to tho futui’o history of tho^rganic kingdoms on tho surface of' 
our planet. If there bo a continual destruction of organic mattor without any corre- 
sponding renewal from the mineral kingdom, then a time yiU come when pj^ts and 
animalB must peiisl^for want of the means of subsistence at present supplied to them 
by the ‘ soil. It is no part of our purpose to enter upon this controversy ; blit 
the evidence at present seems to be in favour of tho unlimited power of minered nature 
to produce ammonia} and therefpre to gupply'that important i^^tituent of the food of 
plants which otherwise must be denved fi:om tbe destruction of organic natter. 

Another speculative question bearing on tho forces of the aqun4 kingdom ia 
sometimes debated in .works of physiglogy. . We Imve alre^iy naMrked, that the 
osxbonic acid, which is oontmually thrown into the atmi^sphm by the respiration of 
animal^ is as constantly decomposed mtd jremuv^ own s«pp<fil : 

Itjis a common view ‘^tbAt our atiAosphexe period, hspvf^^ 

ecmt^imd all the eaxhour & the fom,^ j^axhooio ^ 
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Mngdoms, and in soil of tha earth. If sneh wero the case, the atmosphere, however 
fit to support the lifh of vogotahle organisms, must,^t is said, have boon totally unfit 
to maintain the life of animals. The supposition then is, that through the vast pro- 
ponderanee of the Togetablo kingdom, for many ages, on the sur^cc of the earth, the 
carbonic acitkwos gradually reduced in proportion down to its present small measure ; 
and that the carbon so abstract(«(l from tbo carbonic acid is that which now forms so 
loi^. a pro];>ortion of the bodies both of plants and animals, and so large a pro- 
portion of tho soil of the earth. And now that the animal kingdom' has begvn ta 
preponderate, and a greater ^proportion of < carbonic acid is produced by the respi- 
ration of animals than is deoomposed by ihC; food or plants, this ohafige will go on 
increasing, ^Tintil at lastMio atmosphere will become again unfit for the support of 
animals, owing to the great accumulation of carbonic acid. The determination of 
this question involve^ several considerations. ‘ ft is true that the forests which 
covered the cartli in ancient times are fast disappearing ; but it is also true that these 
forests are replaced by cultivated crops. Shall we then say that if all the arable parts 
of the earth becoiiftj covered with crops, those crops will not dcstioy as muck car- 
bonic acid as titc anc^it forests ? And if #his hp the case, thcBi>th£, .not 
undergo any material increase. One thing, is as 

respects its constitueijt carbon, can only iificmtsi^'ti tibe(^Hq|Nbsc of the vegetable king- 
dom ; so that, while ^ere must remain the samc^quonfity of carbon at the earth's sur- 
fac<i, a larger proportion will certainly ho contained in the animal^kingdom than in tho 
vegetable, owing to the destruction of tho ancient forests. But if the whole quantity 
of carbon contained jointly in^fto crops, and in tho animal kingdom, and in the «oil, 
Tomains equivalent to^ho quantity now in those three conditions, no (d^|i|^^oa& take 
place in the quantity oi^ tho carbonic acid in the atmosigj^erer*v^ga&, it' is perhaps 
impossible that the animal kingdom can increase so fast*^tb ^teiioratc the air much, 
when it is l^onsidcred^ that the only part of the animal kingdom that can be rc^rdod 
as on tho iqiorease, is man himself, and the animals subservient to him. * 

An easy answer to tho difficulty which has been here raised is, that by computa- 
tion, fi«)m very probable data (“ E^nburgh N§w Philosophical Journal," July, 1845), 
the conversion of the wh^le carbon of the soil, and of living plants and animals, into 
carbonic a(dd, would not more than double the small proportion of that gas existing at 
present in the atmosphere. ^ 

Tho connection of pestilential^diseace^ with deficiency of tho means of subsistence 
has too little engaged the attortion^f legislators. It is true there are certain diseases 
of an epij^cmio character, such aa smaU-pox, measles, scarlet fever, which prevail even 
among th* best fed orders of society. It is undeniable, however, that even these 
epidemics die for 'more fatal when joined with an insufficiency ^f food. Ifi modem 
times, it is 'hardly possible to conceive the ravages which, in the earlier ages, epide- 
mics inflicted •upon the huioan race. At those penods, agrioulture had made hut very 
slei&cr progress; and sui^SGf us ia not s%much that the nations of Europe suf- 
jtered from su^h diseases as- that they did not suflTer even more. Were the same circTun*^ 
stances which so often prevailed ih those countries again renewed in the present crowded 
state pf xnai^ of the countdes of the devastation Would be ^ gp?eater tHn n even 

wa dad to be recorded of IhOse times. Great saniti^ improvements have taken place 
iWi tAe countries ofChiropo, as that kind of legislatipn still is. But when 

the mptd inSreese of^ur gipat iowni^ any previous means being secured for 

th&r T^iptilation Is oodsiderod^ physiology emmot too knidly pro- ^ 
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olaimi not only tliat virulent epidemic diseasca may arise under such oiroumstatiees, 
but extend their ravagoa even be^ud the limits of those localities in which imperfect 
regulations prevail. « 

AsTcspects the general maintenance of health, physiology supplies many important 
precepts ; although nature in this respect has haidly left man to be govornod by pby» 
Biology. Hunger forces man to the highest activity^ for the preservation of his life ; 
and under this appetite, ai4ed by common sense, ‘ a oody of popular dietetic rules hiui 
.aiisij^i, the habitual observation of which, more from imitation than from redoction, 
serves to preserve individuals in health. '»It is only by^seekihg a variety of food tliat 
man is suro ti» obtain all tlie clicmical aK>nstituonts required for the maintenance of 
his bodily frame. Wo have already shown that each of tholsimple elements, of which 
the human body is composed, is contienally passing out by various excretory channels ; 
and that, tinless replaced, nutritidn becomes deficient, and thq function of that part 
which Jails to receive its just eu^gily is necessarily impairecl. It doubtless often happens 
that the digostive powers are too feeble to extract the substances required from one kind 
of food, whUo they may be suiHcient to obtaiS them h‘om anothc^. The desire of a 
Variety of food, then, is plainly a spcciqs of aiistinct implantcd*ii» munffor the puipose 
of securing the perfect nutrition of tby animal frame. 

Physiology is the handmaid c£ modiciifb ; and in its largest qcnae, it oven includes 
pathology, ihe relation between physiology proper and pathology has lio parallel in 
other departments of knowledge. In physical science, as there is no death, so there is 
no disease. The mere derangement of machinery invented by man is very different 
fr om the state of disease in physiological nature. But^Sbt to waste lyue on a subject 
scaicely relevant to our present pui'poso, it is at least manifest that in the derangement 
of machines there is not, as in the case of disease, a power '^nlSren^, in them to rec- 
tify and to rescue themselves to their formor state of efficiency. Such a power, however, 
is what character ixes pathology in paiticular. It is sometimes said tliat in mete- 
orology, sUiTms and tempests, as contrasted with calm weather, are the diseases of ^ 
tlio atmosphere. But even in this department tliere is no close analogy between the two 
cases. A mere disturbance of the cquiiiJjriuin of the atmosphere, on which every sudden 
change of the weather depends, boars but' a very remote analogy to tho patliologiftol 
states to which living nature, and in particular the human nature, is subject. But 
when wc come to chemical science — ^to that science which treats of the .combinations of 
bodies, and of their actions and reactions upon each other, tlien wo perceive at once 
how ^tally different physical nature (and under cMfcmistry tike whole of physical nature 
falls) is from organic nature, in respect to that class of phenomena which constitute the 
special department of physiology termed pathology. In chemical nature j£crc is no 
individuality, unless, rejeoting idea of the intoito divisibility of matter, we pro- 
nounce each atom dl a chemical substance to possess an individuality. And this vfbw 
at present supxilies us with the best and mast correct notion of the graud distinctions 
existing between physical and physioljjpgiGal nature. The in^FiduAls, then, of which 
chemistry treats ore mere atoms of simple bodies— every massive mmple ^dy is merely 
a group of individual atoms— each of these atomsi^} in*a very dedhite sense, an inde- 
pendent individual^ it possesses all the properties wiibh. belong to the mass or aggregate 
in which it is seen to exist ;, by^ being separated from that mass it loses nothing [ in the 
present system of things it is impiriflhable ; it knows lio decay, «t knows no fatigusfit 
knows no exhaustion of its propertiesyit knows ^no dissolution death. From its diet 
creation to the time when the Bter^ shall pronounce ^e dat of its e^tinctiODQ M * 
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organic parts were made, leads to the elucidation of the science ; and that the study of 
final causes is no longer that barrer^pursuit which it was in Bacon’s time ; then we are 
ciitith;d to repel this reproach, and to consider on what grounds it is aflirmed that man’s 
knowledge must be confined within the investigation of the mere laws of phenomena, 
and not extend to the 'gt^ldy of the purposes to which the various forms of orgajiic struc- 
ture are subservient. There is manifestly no other g^’ound for afiirining tliat human 
inquiry shoiild be confined to the study of the laws according to which pfieuomena take 
place, than the argument that this is the only way in which human knowledge can bo 
extended. I’liosc who so argue altogether ignore physiology. The most ancient 
expression for iJiysiology is the mm partivm^ that is to sa>^ the use of the pails of the 
body, 'W'li.T.t does this moan ? Shircly it signifies that the study of the pails of the 
animal ft arac and of the vegetable struAitiire, leatis to a knowledge of tho design with 
W'hich the animal or the plant was rtiade after that fashion. The^ discovery of tho use 
of a part is not only a new stop in gjiysiology, but tlie observLtion of tho relation between 
the alnioture of a part and its function is a tact in evideneing design. Till that discovery 
is made tlio liuDia^ mind remains altogether unsatisfied with tho mosf minute knowledge 
of the move slruc^ro. Tlio extent to wdiich Aliis is true wi^l at» Qjicc aiqicar from the 
s])(a‘ics of Hhanu" wiili which aiiatohii|^s and physiologists point out thoHo orgrius in 
the animal frame, the distinct use.of whicll has not yet be<il (li80(»V('rcd. 'Tlicro are 
such qjigaiis in the body, for example tip? spleen, the thyroid gland over the upper port 
' of the wind))ipe, the sSpra-renal cap^uh's, grid some parts in tlic anatomy of the cmbiyo. 

The most piFftCvoring clforts are continually made to connect the l^.t^lcUlr(^ of such pails 
with .sonic* dcliuito use in the living body. What aie^twcsc ciforts but tho most cou- 
clusivc coiif.'ssiou that the human mind cannot rest satisfied with the iheio kiiowdedgo 
of the size;, the form, the minute internal hlnicturc of a part,*'uni('HS ip be able to con- 
ceive with what purpose that part was placed in tlic situatiem which it occupi<-s ? 

'I’be clmracter of human knowledge is not to bo sought in tlie spomilaiiens of philo- 
sox)ht!rri‘. A f.ir truer standard of the character of human knowledge will be obtained 
from^the coriiinon pvincipb's w'hich piTvade the minds of munkind at large. It ia 
vain to attempt to extinguish luuri’s curiosity to know why a puit was so coustnicted, 
or why it was placed in tho situation which, it octmpics. Such inquiries are os , 
natural to him as the desire to discover tlie laws which regulate ihci, sm'c.cHsioii 
of pbenomcmi, >It is not to be suppo.scd, however, that man has been gifted with 
jiowefs .sufiiciciit to discover the whole plan on which organic nature i.s constvuotcd, 
lie uc^'d not cxpc<l to become able to explain the ^Airtioular purpose of ovei'y variety 
of structure which ho discovers in the animal and vegetable kingdom. It is long since 
physiology n*acbcd tluj truth ihat, in some species, there ai*o parts of strucnyl} which > 
do nut seem to liavc any special office, or any special bearing on peculiar habits. It 
is long phybiohfgy became acqiuiinted with >v^hat are termed rudimentary stnit- 
turcs, both in the iinperfc<jt and in tlie mature state of individuals. Tho Bimphfst 
ex ample of a rudimontaxy organ is the ,niamma in tlie male oj ,tIio human race* *It 
performs no office. Tho disciple of a positive philosophy points to tlio»4 organs, and 
snctu ingly asks how this ia to be reconciled with .pur daol|inca. Butjf suppose aU the 
rudiiiKjntai’y organs which are known, and all the poduliariti^ of structure in animals, 
which seem to servo no useftil purpose in relation to tlie habits of the animal, were , 
deducted ; w'hat on infmite^^piial proportion would the Jptatl am«ajit of these nwk© Of 
compared with tlie vast Murray of orgaaaa with distinct uses^l^ to i^oi^tutp'the evidehco; 
of design! The disciple of a positive phitowphy sarcsatilci^y whaj use it^ ■ ^ 


i>nmoi.oair a hymn in i*ti4!sj3 of (»oj>. 


to the 'wIiaIo to bAtA theboneo oorrospoudiiig to oacli of iho bones in the human arm, 
or upjMMr oxtromity f Hero wo anawef hy roferringrbim to his favounie lorn, law it 
i« a ]aw that tha gteat orders of animah aro developed upon one grand type. This law 
ve discover by observation ; it is a part of induttlve science ; it has nulhiug to do ^ 3lh 
design. But* having asoettainod tliis law of development aecuroing to the ty])e, vve 
then dlssover that that typo A made to bend into a confonuity with tlio particular 
haldtl fus4 spociof. 

a**) theji, ia A great fart; and notwithstanding the law, hi obiduiKc to whiih 
ih^ unwieldy vtrhaiMy with its short fln>l|ke arms, has in tlio^e arms a bone cor- 
req^^Ading to evety one of tlioo in the human Upi'or cxlumity, ,yct aio those 
Sndlogies oft^ho human bc^nes so modified as in the most i»orfect uunniu to lx como sub- 
sorvioat to Uic diiCrent uses to which this anii^nl applies its anlcrioi o\fit mity. The 
disOlplo of the pnsitiyo philosophy no doubt Sayv^suxcly the fotc-p.iw of a wh<do 
might have been constnictdil on a moto aiiuplo plan, to answer all thr u tos to vhich it 
is subservient But docs this answer shake the foundations of the ovich lu cs of d( sign ^ 
Beibro his argumdiits become of ony^vail, ho must show that the foic-pnw ol the 
Whalu is unfit fbr dhn roquii^d by the habits of iliat a^^ial, be oauso it is 

ixatnod on iho type of the human upper extiepiity. 'Wo do not prrtnd to pay why 
it has pleo*ied the Auti#31 of NATunn t 06 eslahlit>hf.thnt law accoidmg to vhich the 
skeleton of mammfds conforms to a ecitain typo^; but wo do offinn that the Ai of 
NATUun) having restricted His creative power within the limit b( of that lyp( , has dis- 
play^ incontrovcttiblo ovidimoo of design in adaxiting the l}q>e of the Inimsn aim to 
iiha form of tho^Jfore-paw of tIKAwhale, in conformity with the ubc s v Inch tb it part has 
to perform. 

Such, then, (is ih% kind of diffleulty which pjcscnts itself in out icasonings upon 
design. The physiologist should never forgot that lus subji 1 1 falls nndiu llu' lav s of 
inductive science, in as faros those aro applicable to it ; end he should ne-\ct jx niui ilu 
disciplo of a positive philosophy to refuse him the altcxuativo oi so ngsKhn^ it, oi 
considering tho discovery of the fitness of means to an end as a new st' p in it^ ]iro{!l^css 

A very remarkable feature in physiological nature is, that, after all, cadi iTulivnliiah 
though eomposod of meteiials derived from mmi^ral nature, is not dtptndcnt for his 
indiriduolily and identity on the continued picsinco of that same aggiegnte uf mmeial 
sttbstanecs. At every moment tho materials of which a human being is composted aie 
pasbing away, and giving place to new materials derived from without. In a shoit 
period of time, tho substance of huf body is mtiroly changed, yet his indi-vidunlity, his 
idittrity^ his personality remain. He is tho same, and yet ditTcrent. Tie is no longer 
the aatnognarier ; but he is the sam*^ man. The man is then fore sonu'thing diflerent 
matter. lAt the disciple of tho positive philoso^y expound this to u ; if cvery- 
ilbng be inatexiab^-4f all the phniomcna of the organic woild be iiic result of internal 
laws beicngiag to material substanoos, what h it that represents man thxoughout his 
loil^ UJCq, notwlthstamdiip; the perpetual change of the matter which at any one moment 
aampMd hip bodily friHUe? Kan surely is something difierent from mattoi ; ho is a 
Spirit, and one of tlw eArHest of his thoughts is to refer the changes which he 
OMNI takixkg place around him to Tu fi n i t e Power, and to recognise in the accommodation 
ff Miuih to ends, the inherent desigm'^f Infinite Intelligence. 

' tMy 0«2«a nxy-^** Tl^ atddy of jj^ysiolog;; is a l^ymn in honour of the Deity.’* 
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THE PlUNCirAL FOKMS OF THE SKELETON. 


Piinciples of Osteology. — The original substance of animals consists of a 
fluid with granules and cells. In the course of development tubular tracts are 
formed, some of which become flllcd with ^^ncurine” or nervous matter; othevs 
with ^‘myoninc” or musculai' matter; other portions are converted into glandular 
substance : a gi'cat proportion of the rest of the primordial matter forms ** cellular 
subsISincc.” This substance, in many animals, becomes hardened, in certain parts of the 
body, by earthy salts. When those salts consist*chiefly of phosphate of lime, the 
tissue? called ** osteine,” or bone, and “ dentine,” or tooth, are constituted, J>etween 
which the chief distinction lies in the mode of arrangement of the earthy paaticles, in 
relation the maintenance of a more or less free circulation of the nutrient juices 
through such hardened or calcified tissues. In bone certain canals are left, of a calibre 
sufficient for the passage of capillary blood-vessels through the tissue. StiIlfmore*minute 
tobes, sometimes expanding into cell-l^e cavities, are establiihed for the slower peiv 
eolation of the colourless fluid of the blood, called plasma,” or liquof sanguinis.” 
In true or hard dentino provision is made, by fine\ubes, for the passage of plasma 
through its substance ; but the red particles of the blood are excluded. 

True osteine an? dentine are ^culiar to the highest division or province of the 
Animal Kingdom, which province been termed ** Vtrtebrataf' from the prevalent 
disposition of the osscofls matter in successive groups of mpro er less confluent bones 
called “vertebrsB.” (From pgrio, I turn; these being th^ parts on which* the body 
bends or rotates.) 


ORGANIC NATURE.-— No. VI. 
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COMPOSITION OF BONES. 


Before entering upon the disposition of the bony matter, a few words may be pre- 
mised as to the composition of that matter in the dif^rent classes of Vcrtebrata. These 
classes are four Bishes, lieptiles, Birdsf and Mammals, which latter class includes 
the hair-clad beasts, commonly called quadrupeds, with the nalrcd whales and human 
kind. Fishes have the smalipst proportion, birds the largest proportion, of the 
earthy matter in their bones. T^e animal part in all is chiefly a gelatinous substance. 

paoPOKTioNS OF naiiTHY on inohoanio, and of animal on orqanic, maiteu in 

tAe B^NES of the 'VCilLTEBBATE ANIMALS. 


FISHES. 



Salmon. 

• Cfij-P. 

Cod. 

Organic .u. 

^,.60G2 

40*40 

34-30 

Inorganic . 

....^...39*38 

5U-6e 

65-70 

0 

100-00 

100-00 

10000 

*■' n « 

t 

A 




REPTILES.^ 


c 

Frog. 

' * 

SnaUc. 

Lizard. 

Organic .... 


‘ 31-04 

c 46*67 

Inorganic . 

Gi*50 

69-96 

53-33 


o 



• 

100-00 

100*00 

100-00 


V 



** 


MAMMALS. 

• 


Porpoise. 

Ox. Lion. 

Man. 

Organic .... 

30-90 

31-00 27*70 

31-03. 

Inorganic . 

64-10 

69-00 72-30 

68-97 


100 00 

lOO'do 100*00 

100-00 

« 


BIRDS. 



Goose. 

Turkey. 

Hawk. 

Organic .... 


30 49 

26-72 

^ Inorganic . 

0 


69-51 

73-28 


10000 

100-00 

^ 100-00 


From lh<^ abovo table it will be seen that the bones of the fresh- water fishes have 
mdtc animal matter, are, consequently, lighter than those of fishes irom the denser 
element of saa-water ; and that the marine mammal called poipoise differs little from 
tho soa-fish in this respect. • The batrachian frog has more animal matter in its bones 
than the ophidian or saurian reptiles, and thereby, as in other respects, more resembles 
tlie fish. Serpents almost equal birds in the great proportion of the osseous salts, and 
hence €he density and ivory-like whiteness of their bones. 

Tho chemical nat^o of tho inorganio or hardening partiblcs, and of the organic 
bflsis ,of 1)pne, is oxempliSod in the subjoined 'liable, including a species of oach of the 
?0ur classes of Vcrtebrata : — 
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i 

CHEMICAL COMPOSITION OF £OM<E. 


• 

Phosphate of Bme, with trace of fiuate 

• 

, Hawk. 

“ 

Mnn. 

Tol’toisr. 

Cod. 

61-39 

703 

0-94 

0-92 

25-73 

0-99 

• 50-63 

7 33 
1-32 

0- 69 • 
20'70 

1- 33 


52-66 

12-53 

0-62 

(Too 

31-75 

1-34 

67-20 

4 90 
2-40 

MO 

32-31 

2-00 

Cnrbonale of lime 

Phosphate of magnesia 

Suipliute, carbonate, and chlorate of 

* soda 

Glutin and ehondrin • 

Oil f.. 

• 

• 

100-00 

100-00 

100-00 

iflO'OO 


llony matter is very variously disposed iu tlic l>odic? of vertebrate animals. The 
sturgeon, the crocodile, and Uic armadillo arc instances ^f its ac.cumulation ui)on or 
near the surface of the body ; and hence thfl ball-proof chaructf r of the skin of tlic 
largest of these nuiilcd ^examples. Th^ inoet constant positiofi at* boife is around the 
central masstjs of the nervous and ijaacular systems, witli rays thence extending into 
the middle of the chief muscular masses, ?forming the bases of tj|ic limbs. Portions of 
bone are also developed to protect and otherwise subserve the organs of the senses, and 
in some species arc fbund encasing mneus-dnets, and buried in the substance of certain 
viscera — as, e. the heart in the bullock and some other large quadrupeds. Strong mem- 
branes, called “aponeurotic,” and ceitain leaders or tend^, become bonyjn some'animals ; 
as, y., the “tentorium” in the cat, the temporal fascia in the turtle, the leaders of the 
log-muscles in the turkey, the nuchal ligament in tlie inoh', Fig. 41, m, and certain 
tendons of the abdominal muecltis of the kangaroo, which, so ossified, are called the “mai’- 
siipitt^ hones.” Fig. 44. 

For a clear and intelligible view of tbo osseous system in general, it has become • 
requisite to moke a primary classification of its paits acicoriiing to their ])r»*valeiit 
position, as in the cases above cited« The superficial or skin-bon<’s eonstiliito tho 
sybl(*m <jf the “ dcrmo-skeleton” (from the Greek derma^ skin, and skeleton) ; tfiie 
d<iep-seated bones, in relation to the nervous axis and locomotion, form The “neuro- 
skol^ton” (Gr. ticuron^ nerve, and sktktoti)^ the bones connected "with the sense-organs 
and viscMira form the “ splanthno-skelcton” {Qt. ^ ftplagchnmiy viscus, or inward part, 
and skeleton ) ; those dcvoluped in tendons, ligaments, and aponeuroses, the “ bclero- 
slceleion” (Gr. seleroft^ bal'd, and skeleton). These techiiieal terms may so<tfn hiu'sh, 
and sound strange to those commencing the study of the structure c>f aniimfls, but tlm 
most complex prodw^jt of creation cannot be comprehended without terms esprcssivc^of 
the results of the classification and generalization of the manifold idienomon^ it olfers 
to the contemplative student. * • 

In the arrangement of the parts of»the dermo-, splanchno-^ find fclero-skeletons, no 
common pattern is recognisable. One can discern a^^Jefinito end or purpose gained by 
the positions those terms indicate of certain bony plates, cases, or rods, and tlie special 
relation of such t» the habits and wcU-being of the creatures manifesting them ; but 
the diversity in the number, size, siKiije, and relative jjosition of such dermal boj^ies and 
visceral bones seems interminable. 

The h(*ad of the sturgeon. Fig. 1, is defended by a caswof Viperficial bony jdat^p, 
d df d 7i d lit &c., and tbo body by five longiUidinal <bws of similar pates — one 
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extending along the mid-line of the back, da, da, one along each side of the body, 

dp, dp, and two along the belly, dh, Ah, between the fins called ^ pectoral,** 57, and 



DXiuio. AXD KavRO-BKKLBTONs>-8Tva( 'SOX (Actpenaer Sturio), 


“ Tcntral.” The obseryations of the Ichthyologist, or of those concerned in the capture 
of the sturgeons for the sake of their air-bladder, of which the most valuable lainglnjia 
consists, show us how well the external defensive armour of these fishes is adapted to 
their mode of life. The sturgeons may bo called the scavengers of the great rivers 
which they frequent : they habitually swim low, and grovel along the bottom, turning 
up the mud and sand with their pig-like snout, testing the disturbed matter with 
their feelers, 6, and feeding in shoals, on tho decomposing animal and vegetable sub- 
stances which are carried down with the debris of the continents drained by those 
rapid currents ; thus they are ever busied reconverting the substances, whicu otherwise 
would tend to corrupt the ocean, into their own living organized matter. These fishes 
are, therefore, duly weighted by a ballast of dense dermal, osseous plates — ^not scattered 
at ^random over ^eir surface, hut regularly arranged, as every seaman knows how 
ballast ahomd be, in orderly serios along the middle and sides of the body. The pro- 
tection against tho logs and stones hurried along their feeding-grounds, which the 
sturgeons derive from their plate-armour, renders needless tho ossification of the imme- 
diate cose of the brain and spinal marrow, and consequently all the parts of the neuro- 
skeleton, pi, n, 9ta, remain m the flexible, clastic, gi-istly state ; the weight of 
the dermodceleton requiring that the other systems of the skeleton should be kept as 
light as might he compatible with its defensive and sustaining functions. This view of tho 
finjd purpose of the dermal bony plates in the existing sturgeons affords some insight into 
tlie, habits ontl conditions of existence of the similarly mailed extinct fishes which 
abounded in tlie seas of 4ho secondary periods cvf the geological history of this planet. 
In most of tfiese fishes, as in the sturgeons, the dermal bones arc coated externally 
with a much harder material, rosembliug enamel, and such fishes have accordingly 
been termed ganoid," from tho Greek word “ ganos," signifying brightness. The 
ganoid plates in those extinct fishes are usually more close-set, overlapping each other, 
and being fastened together life tiles, by a peg of one entering a socket in the next, 
and reciprocally. Only tvgo genera of fishes arc now known to exhibit this beautiful 
anungomeiCt of the dermal hones, viz., tho polypUrua of the Nile, and the lepidostem oi 
the Ohio, and other great rivers of North America. 
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In the armadillo the doxmal b^nos, Fig. 2, are small, polygonal, usually five- or 

six-sided, smooth on their inner surface, 
^^8 which rests on the soft subcutaneous layer 



roaXtONB OP SERMO- AKD NEVR0.BKKLET0N8« 
ARMADILLO {JDosypus trieinetta)» _ 


of cellular tissue, variously sculptured on 
the outftr and exposed side, but with a 
pattern ‘Constant in, and characteristic of, 
each species. They are united together at 
their thick margins by rough or sutuTal" 
surfaces, add resemble a tessellated pave- 
ment. The trunk is proteQf;cd by a large 
buckler of this bony armour ;* the head is 
defended by a casque of the same ; and 
the tail is tnease^ in a sheath of similar 
interlocked ossicles. To allow of the re- 
^lisito movements of the trunk in the 
^ small existii^ acn^illos, which, when 
attacked, roll themselves into a ball, from 


• three to nine transverse rows of the dermal 


bones, b ft, are interposed, having a yielding clastic junction with each other, and with 
the anterior, o o, a^dk posterior fixed, and larger, parts of the trunk-armour ; and by this 
modification the head and limbs can be withdrawn beneath the armour, when its parts 
arc pulled together by the strong cutaneous musolct^uto a hemisj^eric form. In 
South America, to which continent the armadillos are peculiar, remains of gigantic 
quadrupeds, similarly defended, have been discovered ia*th(l more recent tertiary 
deposits ; but in these colossal armadillos (Glt/ptodon) the trunk-armour was in one 
immovable piece, covering the back and sides, and was not divided by bands. Besides 
the dbfence which such a modification of the integuments would afford against the • 
attacks of predatory animals, tho armadillos and glyptodons habitually frequenting 
the great forests of South America may have been protected by the same hard, arched 
covering from falling timber. • 

Such arc some of tho instances of the struct\ire and uses of the dermoskelcton in 


tho vertebrate province. The development of this system of the skeleton is not 
dependent on the grade of organization, for we find it in the highest and in the lowest 


clasps ; nor docs a great amount of osseous maffcer in the skin necessarily involve a 
small amount or absence of the same matter in the deeper-seated skeleton ; (pr all the 
parts of this system of bones, a, e, d, m, are as well developed and as welhossified in 
the amiadillos as the quadrupeds which are covered hy hair. The different states of 
tho neuroskelcton m the sturgeon and armadillo are explicable only with reference to 
the different media and other conditions under which the two vertebrate^ were destined 
to exist. • • • 

In no species and in no system of the skeleton are bones a primary fijhnation of the 
animal : they are the result of transmutations of pre-dkisting tissues, as substances 
composing animall|{jodios — nerve, muscle, membrane, &c. — are called. The inorganic 
salts, defined in tho tabular view qjf. tho composition of bone, pre-exist in the blood, in 
the albumen of the egg of the oviparous vertebrates, Aid in thfi milk which nourishes 
the new-bom mammal. • • ^ 

The primitive basis, or “ blastema,'* of bone is a EV.btransparent glairy matter, 
containing a multitude of minute corpuscles. It progressively acquires increased 
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firmness — sometimes assumes a membfanous or ligq^cntous state, sometimes a gristly 
state, before its conversion into bone. Its assumption of the gristly state is attended 
by the appcaran(;o in it of numerous minute nucleated cells. As the gristle or “ car- 
tilage” hardens, these colls increase in number and size, and are aggregated in rows at 
the ])art whore ossification is about to begin. These rows, in the cartilaginous basis of 
long bouoB, arc vertical to its cuds— ^in that of fiat bones they are vertical to the peripheral 
edge. The nucloatcjd ct'Us arc the instruments by which the earthy particles are arranged 
in order ; and in bc*nc, as in tooth, there .jtnay bo discerned, in this prodetennmed 
arrangement, the same relation to the acquisil.ion of s'trcngth and power of resistance, 
with the grertest economy of the building material, as in llio disposition of the beams 
and columns of a work of human architcictun;. 

Osteiuc, so formed, m aiTang(‘d in thin plates, concentrically around the vascular 
canals, around the; entire circauifiirenco of the long bones, and in interrupted plates, 
connecting together tlic walls of the Vixscular canals, so as often to give rise to a reticu- 
lar disposition of tlul^bony substance. 

In fishes the Imnc" -xmtrnuc to grow t’lroughoiit life, and their periphery, whether 
in the flat bones of the head which oveiiaj) cac*h other, or the thicker hones Uiat inter- 
lock, is cartilaginous or membranous, and the seat of p'*ogrcs.sivc ossification. The long 
bones of most reptiles retain a layer of ossifying (grillage beneath the terminal articular 
cartilage ; and growth e(jntinu(!3 at thoir extremities while life eiiuuics. Some of the 
long lK)nes in frogs, birds, and most of those in mammals, have tlieir ends distinct from 
the body or sha|ft of tlic groiviog bone, those soparabdy ossified ends being termed 
“ epiphyses the W'at^of the active growth of the shaft is in a (jartilaginous crust at the 
emh* supporting the epiphyses ; when these coalesce with the shaft, gi-owth in the direc- 
tion of the bones' axis comes to an end ; but there Ls a slower growth going on over 
the entire periphery of the bone, which is covered by a membrauo, called the “ perios- 
teum.” In this mombrane, the vascular system of a bone, except the vessel 8U])plymg 
the marrow-cavity, undergoes the amount of subdivision vrhieh reduces its oapiUoiics 
to dimensions suited for penetrating the pores lidding to the vascular canals. 

Thus bone is a living and a vascular part, growing by internal molecular addition 
and change, and having the power of repairing fracture or other injury. The shells 
and crusts of mollubcous and canistaccous animals arc uiivascular ; they grow by the 
addition of layers to their circumference, may be cast oif when too small for the growing 
body, and bo reproduced of a more confoimable size. "When fractured, the broken parts 
may be c<^onted together by novrly suporadded shell-substance from without ; but aro 
not imitablb by tlie action of the fractured surfaces from within. 

^Extension of parts, however, is not the sole process which takes j?lacc in ther growth 
of bone to adapt a bone to its destined office changes aro wiought in it by the 
removal of parts previously formed. In fishes, indeed, we observe a simple unmodified 
increase. To whatcYei*(«ctent the bone is ossifiel, that piirt remains, and consequently 
most of the bones of fishes are solid or spongy in their interior, except where the ossi- 
fication has been restricted to fhe surface of the primary gristly mould. The bones of 
the heavy and sluggish turtles and sloths, of the seals, and of the wbaJo-tribe, are solid. 
But in active land quadrupeds, the shaft of the long bones of the limbs is hollow, 
the first formed osseous substonSe being absorbed, as new bone being deposited ftom 
without. The strength and lightness of the limb-boucs are thus increased a^r the weU- 
knowfi piiiftiple of the hoUc-v column, which Galileo, by means of a straw picked up 
from his prison floor, exemplified, in refutation of a charge of Atheism brought against 
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him by the Inquisition. The bones of birds, oupccially those of poYorful flight, are 
remarkable for their lightness. Tlic osseous tissue itself is, indeed, more compact than in 
other animals ; but its quantity in any given bone is much less, tho most admirable 
economy being traconble throughout the skeleton of birds, in tho advantageous arrange- 
ment of tho weighty material. Thus, in the long bonss, tho cavities analogous to those 
called “medullary” in beasts, arc more capacious, and. their walls arc much thinner ; a 
large aperture, called tho “ pneumatic foramen,” near one end of the bone, communi- 
*ctiteS with its interior, and an air-cell, or prolongation of tho^lung, is continued into 
and linos the gavity of the bone, •which is fims filled with rarefied air instead of marrow. 
Tho extremities of such air-boncs present a light open net-wqrk, slender columns shoot- 
ing across in different directions from wall to woB, and these little col umnsfffo likewise 
hollow. • * 

The enormous beak of the hombill, which seems at fir^ sigh# to constitute so grave 
an impediment to flight, forms otie enormous air-cell, witl^vcry thin bony walls ; and 
in this bird, in the swifts, and the humming-bifds, ov(Ty bone of t^c skelelon, down to 
tho last joints of the tocj^ is permeated by hot air. The opposite extrcipe to the above 
members of the feathcjrcd class is mot with in the terrestrial apteryx (wingless bird of 
New Zealand), and in the aquatic pci^juin^ in both of which, not any hone of the ekele- 
ton receives air. Intenncdiato gradations in the extent to which tho skL'letf)n is i>er- 
ineatcd by air occur in different birds,* and in relative proportion to their different lands 
and power of flight. 

In tho mammalian, class, tho air-cclIs of hone ar^iponfincd to tho head, and are 
filled from the cavities of the nose or car, not from tho lungs. Such* cells are called 
“ frontal sinuses,” “antrum,” “sphenoidal” and “otbmoidal f inuses” in man. The 
frontal sinuses extend backwards over tho top of tho skull iu the ruminant and some 
other quadrupeds, and pem^trato the cores of the horns in oxen, sheep, and a few 
anteWpes, • The most remarkable development of air-ccUs in tho mammalian class is 
pr(?senteu by the elephant; the intellectual physiognomy of this huge quadruped being* 
caused, as in the owl, not by the actual capacity of the brain-case, but by tho enomiotia 
extent of the ijneumatic cellular stmeture between the outer and inner plates of tho 
skull-walls. ^ 

In all tlicse varied modifications of tho osseous tissue, tho cavities therein, whether 
mere canceUi, or small medullary cavities as in the crocodile, or largo medullary 
cavj^ics as in tho ox, or pneumatic cavities and sinuses as iu tho owl, arc the result of 
secondary changes by absorption, and not of the piimitivc constitution of tho bones. 
These ore solid at their commencement in all classes, and tho vacuities are^d^tahlishcd 
by the ^^moval of osseous matter previously formed, whilst increase proceeds by fresh 
bone being added to tbe exterior surface. The thinnest- walled and widest air-bon# of 
tho bird of flight was first solid, next a marrow hone, and finally hccam<i the ease of an 
air-cell. Tho solid hones of the pengjiin, and the medullary^fpmur of apteryx, eiem- 
plify arrested stages of that course of development through which tho paeumatic wing- 
bone of the soaring eagle had previously passed. • • 

But these mechanical modifications do not exhaust all the changes through which 
the parts of a skeleton, ultimately becoming hone, have passed : they have been pre- 
viously of a fibrous or of a cartilaginous tissue, or botk Entiai skeletons, and parts of 
skeletons, of vertcbra&3 animals exhibit arrests of these early stqgcs of development ; and 
this quite irrespective of the grade of the entire animal ^ tho zoological, scale. fThe 
capsiUe of tho eye-ball, for example, in man, is a fibrous membrane ; in tho turtle, it is 
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gristle ; in the tunny, and most other fishes, it is bone. The skeletal fi'ameifork of 
the litllo lancelct-fish ^Branehioatoma) does not go lieyond the fibrous stage of tissue- 
change.* In the sturgeon, skate, and shark, it stops at the gristly stage, and hence 
these fishes are called cartilaginous.*' In most fishes, and all. air-breathing yerte- 
brates, it proceeds to the bony stage, with tho subsequent modifications and develop- 
ments above recited. 

The main part of tho skeleton-— what may be termed the skeleton prox)er~-consists 
of the ncuroskelcton ; and it is in the construction of this system that the most interest- ' 
ing and beautiful evidences '^f unity of plan, as wc'l as of adaptation to end, have 
been discemod. Tho ports of the neuroskeleton are arranged in a scries of segments, 
following a^d articulating with each other, in the direction of the axis of ihe body, fi:om 
before backwards in brutes, from above downwards iji man. 

Each complete segnont, , 'tolled ‘‘ vertebra,’* consists of a scries of osseous pieces, 
arranged according to one and tho same plan (Fig. 3), 
Fig. S. ^ viz., so as form a bony hoop, or arch, above a central 

piece, for the protection of a segment of the nervous axis, 
and a bony hoop, or arch, beneath the central piece, 
for the protection ^ a segment of the vascular sys- 
tem. The upper hoop is called the neural arch, K (Gr. 
neuron^ nerve) ; the lower one, tho “ l;>,semal arch,** H (Gr. 
haima, blood) ; their common centre is termed the cen- 
tTi;\m,** c (Gr. kentron, centre). Tho neural arch is formed 
by a pair of bones, called “ neurapopbyscs,” nn (Gr. for 
nerve and apophysis, a projecting port or process) ; and by 
a bone, sometimes cleft or bifid, c^ed the neural spine,** 
ns; it also sometimes includes a pair of bones, called 
“ diapophyses,'* d d (Gr. dia^ across, or tran«iverse, and 
apophysis). The hsemal arch is formed by a pair of bones 
called pleurapopbyscs/' pi (Gr. pUurwi^ rib, and apophy- 
sis); by a second*' pair, called “ hromapophyses,'* h (Gr. 
for blood, and apophysis) ; and by a bone, sometimes bifid, 
called tho ** haemal spine,** hs. It also sometimes iueludes 
parts, or bones, called parapopbyses** (Gr. para^ trans- 
verse, and apophysis). Bones, moreover, are developed, 
which diverge as rays, from one or more parts of a vertebra. 
Tho parts of a vertebra which are developed from 
indspondenli centres of ossification are called “ autogenous ;** those parts that grow out 
from previously ossified parts are called exogenous ;** the aut6genou8 parts of a 
vertebra are it% “ elements,** the exogenous parts its “ processes.*’ No part, however, 
is absolutely autogenous throughout the vertebrate series, and some that are exogenous 
in most are autftgenous a few instances. The lino cannot bo strictly drawn ; and, 
in classifying the parts of a veij^bia, as of other parts of animals, or of entire animals, 
the systematist must be guided by general rules, to which there will ever bo some 
exceptions. 

The elements, or au^genous^arts, of a vertebra 'are the centrum, c, the neurapo* 

doctrine or studf bf this kind of development— the development of snbstanoo and texture, 
as eontradistkignished from thaiiof size and shape— Is now termed “Histology,** from the Greek 
Autos, net or tistae, and toyos, a doetrine or discourse. 
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physcs, «, the neural spine, ns, the pleurapophytes, pi, the haemapophyscs, A, and the 
haumal spine, As, The exogenous jArts are the diapophysis (Pig. 6), d, the parapophy- 
sis (*i.) p, the eygapophysis (Fig. 6), a (Gr. zugoa, junction, and apophysis), the 
anapophysis (Fig. 2),,rt (Gr. ana, backwards, and apophysis), the metapophysis {ib.), m 
(Gr. ^mta, between, and apophysis), the hypapophysis (Fig. 6), y (Gr. hypo, below, 
and apophysis), and the epapophysis (Fig. 4), e (Gr. epi, above, and apophysis). Of 
the autogenous ^parts, the neural spine is most commonly exogenous; of the ex- 
egonaus parts, the parapophyscs, diapophyscs, and hypappphyscs are sometimes 
autogenous. • * * 

Vertebraj aro subject to many and great modifications — e, as to the number of the 
elements retained in their composition, as to the form and proportion of ttid elements, 
and even as to the relative position pf flhe elements ; but the latter modification is never 
carried to such a degree as to obscure the general pattern ov typePof the segment. 



TYPICAL TERfRlIRA. 


ScanetimcB, os in the example (Fig. 4) of the third segment of the human 
skeleton, the neural arch, N, is much expanded, the luemal one, 11, is contracted ; and, 
in the Expanded neural arch, the autogenous diapophyses, dd, are wedged between tho 
ncurapophyses, n, and the enormously expanded neural spine, ns. More cqfumoDly, 
as in tho. example from the raven’s thorax (Fig. 5), the heemal arch, H, is much 
expanded, the neural ^nc, N, contracted ; and in the expanded hasmal arch, tho pars^ 
pophysis, p, hero exogenous, is wedged between tho centrum, C, and the plcu.rapd)[>hy8i8, 
pi, Sometimes, again, as is exemplified in the tail of the croco^ilp and of many otbTer 
animals, both neural and hmmal arches arc alike contracted ; the pleuraf ophyses, pi, 
being excluded from tho latter, and standing out a3*coutinuations of tho confiuent 
diapophyscs, d, and parapophyses, p. Such vertebra) deviate but little from the ideal 
type of the vertebra, Zander its less developed condition, as in Fig. 6. The segments 
are commonly simplified and made s&allcr as they apprcuch the •nd of tho veAcbral 
column or axis, one elenf^nt or process after another is rcmovcd,^until the vertebra is 
reduced to its centrum, as in the subjoined diagram (Fig. of the archetjjpc vertd^ 
brate skeleton. In this scheme, which gives a side view of the scries of segments or 
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vei-tebr®, the nature of the princi]>al modifica- 
tions to which they are subject arc indicated, at 
the two extremes of the series. 

As the four anterior divisions of tho great 
trunk of tho nervous systt'm are called, collec- 
tively, ** brain,” so tlui four corresponding seg- 
ments of the osseous system are called “ skull.” 
The head, thert^fon?, is not otherwise a repeti- 
tion of tho trunk, than in^so fiir as each‘*scg- 
montof the skull is a repetition or “homotype” 
of every other segment of the body; each being 
subject to modifications which may give if" 
an individual charat;tcr, r/ithout obliterating 
its typical features. So neither are the “ arms” 
and “legs” repeeted in the head in iny other 
sense than as«tho cranial vertebra' may retain 
their “ diverging appendages,” 2o, S7, 44, />3^ a. 
The fore-limbs are actually such appendages, 
63, of the occipital vertebra, 1, 3, 2, 51, 52, 59, 
which appendages undergo modifications close!/ 
analogous to those of the aj)i)endag(?s of the pel- 
vic sc'gmcnt, or “ hind lirnbs,”*^v6. And inasmuch 
as in one class tho pelvic appendages, with their 
anppoiling liieiyal aVch^ 03, hs, are detached 
from the rest of their segment, and suhjc'ct 
to changes of position (Fig. 9), 03, 09 ; so also 
in other classes the api)endagos of the oecipitil 
segment arc liable to be detnebed, wntli their 
sustaining haemal arch, and to bo transported to 
various distaueos from their proper centrum 
and neural arch, as in Fig. 21, Nos. 61, 53, 67. 

The four anterbw ncurapophyses, 14, 10, 6, 
2, give issue to the nerves, tho tenninal modi- 
fications of which constitute tlio organs of speeitil 
sense. ^ 

Tho rflrst or foremost of these is the organ 
of smell, 19, always situated immediately iu 
Advance of its proper segment, which becomes 
variously and extensively modified to inclose 
and protect it. • • 

Tho seefitad is the organ of sight, 17, lodged 
in a cavity or “ orbit” bctwf;en*ita own and the 
nasal segment, but here indicated above that 
interspace. 

Tie third is tho<^ organ df taste, the nerve 
of which perforates ctho^ nourapophysis, 6, of 
ilbs , proper, segment, cijjlcd “parietal ver- 
tebra,” or passes by a notch between this and 
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the neura])ophysis, 10, of the frontoj vertebra, to ^xpalld in the erejan, whieh ia always 
lodged below, in the cavity called “ mouth,” and is supported by the hauniol spine, 
41, hs, of its own vertebra. 

The fomth is tho*organ of hearing, 16, indicated above tho iiitorspaco betwofm the 
nenrapophysis of its own (occipital) and that of tho antecedent (parietal) vertt'bra, in 
which it is always lodged; tho surrounding vertebral elements being raodifi(*d to form 
tjie cavity for its reception, which is called “ otocrane.” Tho jaws arc the modiiicd 
haemal arches of the first two segments. , • 

Tho mouth •pens at the interspace between these hccmaT arches ; the position of Iho 
vent v.'irics (in ILslios), but always opens behind the pclric arclf, S, 62, 63, when this 
is ossified. ^ 

Outlines of the chief dev(dopmc^ts of tho dermoskelelon, in different vertebrates, 
'which iiro usually more or loss oj^ifted, are added to the i^'urosfoletal archetype y as, 
€. y., the median horn supported by tho nasal spine, 15, in tlfo rhinoceros ; tho pair of 
lateral horns developed from the frontal spine? 11, in most rumiilants; tho nu'dian 
folds, I)r, Ilir, above the neural spinesj^ oni* or more in •nunibjir, constituting the 
“ dtn’sal” fin or fins in fishc's and cetaceans, and flic dorsal hump or humps in the 
bulialoes and camels ; similar folds are solhctimos developed at J;ho end of the tail, 
fonuing a “ caudal” fin, C, and boncatb the hnemal spines, constituting tho ^ anal” fin 
or fins. A, of fishes. * 

Tho diifcrdnt elements of the primary segmemts arc distinguished by peculiar 
markings: — •* ^ 

The ncurapophyses by diagonal lines, thus — jjljj^ 

The diapophyscs by vertical lines — | j j | j j 
• miio parapoi)byses by horizontal lines — 

. . 

Tlie centrum by deeussalmg horizontal and verLieal lines — : wS - f- 


The pleurapophyscs by diagonal lines — ^ * 

Tho appendages by dots — ! ! ! ! ! 

The neural spines and haemal sinncs arc left blank. 

^ • 

In certain segments the elements arc also specified by the initials of their names 

ns is tlic neural spine. • 

• w is the neurapophysis. 

pi is tho plcnrapophysis. • 

e is tho centrum. « • * 

A is tho haemapophysi9,^lso indicated by Uie Npa. 21, 29, 

44, 52, 58, 63, 64. • 

hs is tho hajmal spine. * • 

* a is^the appendage. 

The centrum is the most constaidt vertebral clement as to its existence, but not as to 
its ossification. There .are some living fishes, and foraierly th?re were many, now 
extinct. In which, whilst the peripheral elements of the vertebra become ossified, the 
central one remains nnossifiod ; and hero a few words are lequisite as to the develop- 
ment of vertebrae. 
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Tho central basis the neuroskcleton is laid down in the embryo of every vertebrate 
animal) as a more or less cylindrical fibrous sheath, filled with simple cells containing 
jelly. This fibro-cellulo-gclatinous column is called “ notochord,*' Fig. 1, ch (Gr. notoB^ 
back; chorda^ cord; in Latin, “chorda dorsalis'*). The centrums, or “bodies of the 
yciicbrse,** as anthropotomists call them, are dovclopcd in and from the notochord. The 
bases of the other elements of the vertebra are laid down in fibrous bands, diverging 
from the notochord, and giving the first indication of the segmental character of the 
skeleton. At this sto^c the skeleton of the little fish called “lancelet" {Amphioxus 
lanecolatm) is arrested. These fibrous bun^ are nc3K converted into cartilage, and the 
cartilage is in definite pi^jces in each segment, recognisable as “ ncurapophyses" (Fig. 1), 
n ; “ plcitrapophyses** pi; “neural spine** m — the centnuns still remaining in 
their primitive state as the undivided notochora ch. At this stage the skeleton of 
the, sturgeon is arrested. The peripheral elements may be converted into bone, the 
central ones remaining as tuotochord, as in the protoptcrus, the Icpidosiren, and many 
fossil fishes. But)^ more commonly, tFo next stage is tho subdivision of the notochord 
into a series oi separate centrums, corresponding with the pairs of neurapophyscs and 
pleurapophyscs — ossification of all the parts being more or less imperfect, as in the 
sharks and rays, which have thence been called “ cartilaginous fishes." When the 
parts of tho vertebrae have become more completely ossified, as 
Flff* in the fishes called “ osseous,*’ ossification is rarely so advanced 



as in tho higher vertebrata. In most of thesf fishes, e. y., a 
dcttpijcavity is left at each end of the centrum (Fig. 8), 
which cavity continues to be occupied by the liquefied gelati- 
• nous remains of tho primitive notochord ; and tho character- 
istic of such element in a fish’s skeleton is, that it is 
“ biconcave.” Of the minor amount of tho earthy matter in 
the ossified parts of the skeleton of fishes, mention has been 


s£CTioMovvxiiTSBK.is—Fisn. already made; and the consequent greater fioxibility and 


elasticity of such bones may be readily tested by whoever 
will bond one of the long spines in the skeleton of a cod or turbot, and contrast its 
flexibility with that of the similarly-shaped long and slender bone (pudisj or Jibuta, e. y.), 
which he may find in the Christmas turkey that follows in the feast. 

Two or more contiguous vertebr© are frequently subjected to tho same kind of 
modification, cither by way of exesass or defect, and such groups of modified segments 
have received special iiamcs ; such, for example, as “ skull" {cranium)^ “ nock** [cervix), 
** chest \ (I Aorax), “pelvi-s," and “tail** [eat*da); and those terms are reciprocally 
applied, when modified 8.s adjectives, to the individual vertebra so grouped together, 
Ad which are called “cranial vertebra," “ cervical vertebra," ‘^dorsal" or “thoracic 


vertobrfe," ‘isacral" or “pelvip vertebra," and “ caudal vertebne." 

" Skeleton of In all fishes t)ie extent of ossification is less than in 

the higher vertebrate classes. Only in the skull do we find all the elements of tlie 
typical segment reprcsentedi h^ bone. In the trunk, e, g., the hamapophyses and 
hamal spines never advance beyond the fibrous stage of tissue development. 

Four segments enter into the composition of the skull of fishes, answering to the 
first fi^ir in the archetype (Fig. 7), and they combine to constitute the bony framework 
of a head, larger in pi;pportion to the trunk than in any other class of animals. The skull 
(Fig. 9), forms a^one, whose base is vertical, directed backwards, and joined 

to tho trunk without an intervening neck, and whose sides arc commonly three in 
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number, one superior, and two lateral and infeiior. The cone is shorter or longer, 
more or less compressed or squeezM £rom side to side, more or^lcss depressed or flat- 
tened from above downwards, with a shai];fer or blunter apex, in different species 
of fishes. The base 0 / the skull is perforated by the hole, called ** foramen magnum,** 
for the exit of the spinal marrow ; the apex is more or less widely and deeply 
cleft transversely by tho aperture of the mouth ; the eyc-sockets or orbits/* or, arc 
lateral, large, and usually with a free and wide intercommunication in the skeleton ; 
the two vertical fissures behind arc called “ gill-slits,** or branchial or opercular ap(ir- 
tures, and there is a mechanism, jike a doot, 34, 35, 36, for opening and closing thorn. 


The mouth rec'bives not only the food, bfit also the streams ^of water for respiration 
(indicated by the arrow, 5r). which escape by the gill-slits. The head contains not only 
the brain and organa of sense, but likewtso the heart and breathing organa. Tho inferior 
or ‘‘haemal” arches arc greatly developed accordingly, and.,their sUverging appendages 
support membranes that can act ujAn tho surrounding fitild, au^l are more or less employed 
in locomotion : ono pair of these appendages, P.,57, answers, in fact^ to tho fore-limbs 
in higher animals, and t^cir sustaining arch, 51, 52, in many fishes, also supports the 
homologues of the hind-limbs, V, 69. Thus l^ain and scnsc-orgaifs, jaws and tongue, 
heart and gills, arms and legs, may al> belong to tho head ; and the disproportionate 
size of tho skull, and its firm attacAment to the trunk, required by ihesc functioiLS, arc 
precisely tho condition most favourabloffor facilitating tho course of the fish through its 
native element. 

Tt may well be conceived, then, that more bones into the formation of tho 
skull in fishes than in any other animals ; and the composition of this skull has been 
rightly deemed the most difficult problem in Comparative .knatomy. “It is tnily 
remarkable,” writes the gifted Oken, to whom we owe tho first clue *to its solution, 

“ what it costa to solve any ono problem in Philosophical Anatomy. Without knowing 
the the JioWf and the ichi/, one may stand, not for hours or days, but wrecks, before 
a fish’s skull, and our contemplation will bo littlo more than a vacant stare at its * 
complex stulactitic form,” 

To show what the bones are that entef into the compoiition of the skull of the fish ; 
hotVj or according to what law, they are there arranged ; and wAy, or to what end, they 
are modified, so as to deviate from that law or archct>^e, will next be our aim. 
.Theso»points, rightly understood, yield the key to the composition of tho skull in all 
vertebrato, and Ihcy cannot be omitted without detriment to the main end of tlic most 
elcraeiftary essay on the skeletons of animals. The comprehension of the description 
will be facilitated by reference to Figs. 7 and 9 and still more if the reader have at 
hand the gJcuU of any large fish. 

In the cod {GaduAnorrhwi *), e, y., it may be observed, in the first place, that most 
of the bones are, more or less, like large scales ; have what, in anatomy, js called tlic 
• “ squamous” character and mode of union, being fiattoned, thinned off at the edge, and 
overla])ping one another ; and one secs tAat, though the skull, as a whole, ]p,s loss free- 
dom of movement on tho trunk, more of the componcntJ)oqos enjoy independent niovi*- 
ments. Before wo proceed to pull apart the bones, it may be w'ell to remark, that the 
principal cavities, foftnod by their co-adaptation, arc the “ cranium,” lodging the brain 
and the organs of hearing ; the “ oAital,’* Fig 9, or, anj the “ iqjisal,” w/, chanjhers ; 
the buccal and branchialpcanals, hr. Some of these cavities arc not well defined. Tho 

• • • 

• The skull of this fish, conveniently prepared for this cxamiaatiwi, may be had of Aft:. Flower, 

No. 22, Lambeth Terraco, Lambeth Kond. 
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exterior of iLo slriiU is traversed by five longitudinal crests, intercepting four channels 
which lodge the beginnings of the * ^ j^- 

great muscles of the upper half 

is devclo]>cd to an cxiremt; height 
in some fishes, as, e. the dol- 

the skull, ip eonsequenoe' of both 

eyes being placed on one side of ^ 

the skeleton «deviaic^mo$^t from ^ 

the Mchetypo as tlicy recede in jnHk 

bones which femn tJic back 2)art 
join those of the trunk;* we' thus 

bones composing this segment,* 

W'o find those tlint were most 
closely interlocked to be in niftn- 

trical bones, ^ anil two paira of 
be regarded as' the base, tho other 

five form an arch supportf'd hy it, . e- 

hone is tho key-stone.* This ^ 

answers to tho “neural” arch of iir 

pair of bones, which articulated 

with %t3 U2)pcr surf^^co and pro* ' fJBm [filiB^ B 

£eSkcU‘tOLi,'’ 8vo, 1848,p..l0,^ig.l. 

Flo, 9.— -seA-PKRcir (Lrtfes)» 
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tected tho hind (kvision of the brain, form the “ neurapophysos,” n ; the smaller 
pair of hones, projecting outwarAs, like transverse processes, are the ** diapophy- 
ses,” di the symmetrical bone completing the arch, and terminating above in a long 
crest or spine, is the neural spine,” na. It will be observed that the centrum is con- 
cave at that surface which articulates with the centrum of the first vertebra of the 
trunk : the opposite surface is also concave, but expanded and very irregular, in order 
to efiect a much firmer union with the centrum of the next cranial segment in advance 
•^groat strength and fixity being required in this part of the skeleton, instead of the 
mobility and elasticity which is needed in tfic vertebral column of the trunk. It may bo 
also observed tfiat the “ neurapophyses” aJ-e perforated, like most of tliose in the trunk, 
for the passage of nerves ; that the diapox)hyses give attachment to the bones which form 
the great inferior or haemal arch ; and that the neural spine retains much of the shape 
of the parts so called in the trunk. Nevertheless, the eleanentsrof the neural arch of 
this hindmost segment of the sku^i have tmdergono so much development and modifica- 
tion of shape, that they have received special names, and have bc(‘n enumerated as 
so many distinct and particular bones. The centrum. No. 1, is called “basioccipital 
the nourapophyses, No. 2, “ exoccipitals tUe neural spine, No. 3, “ supcroccipital 
the diapophysea. No. 4, x)aroccipitalS'. * In the human skeleton all those parts arc 
hlendcd together into a mass, whith is called the “ occipital bone.’f' 

The entire segment, here diaarticuldtcd, in Iho cod-fisb, is called the “ occii>ilal ver- 
tebra,” and in it we have next to notice the widely-expanded inferior or haemal arch. 
This consists of throb pairs of bones. The first pair are, bifurcate, and have two points 
of attachment to the neural arch, the lower prong, answering to what is cifiled the “ head 
of tlio rib,” abutting upon the neurapophysis ; the upper prong, answering to tb#i 
tubcircle of the rib,” articulating to the diapophysis. The second pair of bones arc 
long and slender, and represent the body of the rib. The first and second piece togetlicr 
answoi to the clement called ** pleurapophysis the third pair of bones are the “ heema- 
pophyses;” these support diverging appendages consisting of many bones and rays. 
The special names of the above elements of the bspmal arch of the occipital vertebra 
arc, from above downwards, “ suprascap'dla,” No. 50 ; ‘•scapula,” No. 61 ; “ coracoid,” 
No. 52. The inverted arch, so formed, encompasses, supports, and protects the hcaH. 
or centre of tho hoBmal system ; it is called the “ scapular arch.” There are animals — 
the l^mnothorax and slow-worm, e. — in which tliis arch supports -no appendage ; 
there are fishes — ihc protojiteruHf e. y., Fig. 32 — ^in which it supports an ai)j>cndage in tho 
form of a single many-jointed ray, retaining the archetyx)al character, Fig. 7, No. 53. In 
other fishes, the number of rays progressively increase, until, in tliose called “ rays ” 
par excelh^cOj they exceed a hundred in number, and arc of great length, fomiing llic 
chief and most conspicuous parts of the fish. The more common condition of the 
appendage in question is that exliibited in the species figured. Cut 9. So ^dcvi^ped, it 
is called in Ichthyology the “ pectoral fin otherwise and variously modified in higher 
animals, tho same part becomes a fore-leg, awing, an arm, and hand. *Some of the 
special names, originally applied to tho parts of the 'ecapular appendage in man, arc 
retained and ai?pli('d to like parts in the pectoral fin of the fish. Of the two flat bones 
connecting tho fin With the coracoid, tho upper one is tho “ ulna,” No. 64 ; the lower 
one the “radius,” No. 65 ; tho row &f short bones joined ^with theye are the “ corpals,” 
No. 56 ; the longer and more slender many-jointed rays answer to tho parts called 
“mctacarpals” and “phalanges” in the human hand. In Uio salmon there is a boac 
answering to the arm-bone or humerus, which is ailiculateWto tlic middle of tlie back 
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part of the coracoid by a transversely elongated extremity. It is also expanded at the 
distal end, where it arliculatos by cartilage with th3 ulna and radius. The ulna is a 
semicircular plate of bone perforated in the centre, and, besides its articulation with the 
humerus, the radius, and the ulnar carpals and metacarpal ray, it |dso directly joins the 
broad coracoid. The radius, after expanding to unite with the humerus, the ulna, and 
the radial carpals, sends a long and broad pn^cess downwards and inwards, which is 
united by ligament with its follow and with the lower termination of the coracoid. 
A basit; of adequate extent and firmness is thus insured%r the support of the pectoral 
fins. The carpal bones of theso fins are fbur in nqjnbcr, progressively increasing in 
length from the ulnar to the radial side of t?ie wrist. The metacarpo-j)halangial rays 
are thirtcci'i in number ; the uppermost or ulnar one being the strongest, and articulating 
directly with the ulna. • 

Proceeding to the faext qogmonl, in advance, in the cod-fish’s skull, we find that the 
bone wliich aiiiculatcd witj^ the centrum of the occi];i^tal segment is continued forward 
beneath a great proportion of the skuJL In quadrupeds, however, the corresponding 
part of the base of the skull is occupied by two bones ; and if the single long bone in 
the fish bo sawn aci'oss air the part wb^ the natural suture exists in the beast, we 
have then little difficulty in disarticulating bringing away with it a series of bones 
similar in number aad arrangement to those of the oiicipital segment. 

In the skeletons of most animals the ccntrulfis of two or more segments become, in 
certain parts of the body, confluent, or they may be connate ; they form, in fact, one 
bone, like that, e. which^;uman anatomists call “ sacrum.'* By the term “ con- 
fluent" is mcUit the cohesion or blending together of two bones which were ori- 
ginally separate; by ‘S^onnate," tlmt the ossification of tlie common fibrous or 
cartilaginous bases of two bones proceeds from one point or centre, and so con- 
verts such bases into one bone: this is the case, r. y., in the radius and ulna of 
the frog, and in its tibia and fibula. In both instances they arc to the . eye a 
single bone; but the mind, transcending the senses, recognises such single bone 
as being essentially two. In like manner it recognises the ** occipital bone" of man as 
essentially four bones ; but thesA have become “ Confluent,” and were not “ connate.” The 
centrums of the two middle segments of the fish’s skull are connate, and the little 
violence above recommended is requisite to detach the penultimate segment of the skull. 
When detached, the bones of it are seen to be so arranged as to form a neural and a 
hsemal arch. In the neural arch the centrum, ncurapophysos, diapophyscs, and neural 
spine are distinct : moreover, the neural spine in the cod, and many other fishes, is 
bifid, or* split at the median line.* The centrum is called “ basisphenoid," No. 6 ; 
the ncurapophysis, “ alisphenoid,” No. 6 ; the neural spine, “ parietal," No. 7.: and the 
diapophysis, mastoid,” No. 8. The alisphenoids protect the sidSs of the optic lobes, 
and the west pf the penultimate segment of the brain; the mastoids project outwards 
and backwards as strong: transverse processes, emd give attachment to the piers of the 
great inverted hmmal arch. Before noticing the structure of this, I may remark that, 
in the recent cod-fish, the casp, partly gristly, partly bony, which contains the organ of 
hearing, is wedged in between the last and penultimate neural arches of the skull. The 
extent to which the eor-caso is ossified varies in dilTcrent fishes, but the bone is alw^ays 
doyclo}ied in the outor w'^all o^^the case. In the c6d-fish it is unusually large, and is 
called “petrosal," No.^16; it forms no part of the segmented ^icuroskclelon. In the 

• Archetype Vcrl, Skcl.,” p. 11, Fig. 2. 
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wgUL whifili it Cilitributes to inclose, tlicre is a^body as hard as shoU, like half a 
almond ; it is the “ otostcal,” No, ^6, or proper ear-bone. I 

The hsemal arch consists of a pleurapopbysis and ahoomapophysis on each side, and 
a b^»nni1 spine ; but all these elements aro subdivided, the plcurapophysis into two 
parts, the upper one called ** cpitympanic/' 28, a (common to this and the next arch in 
advance) ; the lower one “ stylohyal,” No. 38. The hmmapophysis is a broader, slightly 
arched bone ; the upper division is called “ epihyal,’* No. 39 ; the lower division, 

“ ccratohyol,’* No. 40. The hsemal spine is subdivided into four stumpy bones, called 
coUcccivcly “ basihyal,'* No. 41 ; and which, in most fishes, Aipport a bouo directed 
forwards, cnteAng the substanco of the tongue, called ‘^glossohyal,’^ No. 42 ; and another 
bone directed backwards, called “ urohyal,** No, 43. * • , 

Tho oeratohyal part of tho Inem^pophysis supports, in the cod, seven long and 
slender bent bones,* called branchiostcgal rays," 44. The number of these rays differs 
greatly in different fishes : the pigotopterm has but one ra}^ the blenny has two rays, 
tho caip three rays, — a very common number is seven ; but the clops has thirty bran- 
'diiostcgal rays. They are of great length in t^e angler-fish {Joph^)^ in which they 
serve to support a membrane, developed Ip foitn a large rcc8ptadio*on eSch. side of tbo 
head of this singular fish ; into these ipceptacles, the small fishes aro transferred, which 
tho angler attracts within reach of its jj^outh, by the movabki rod, fine, and bait 
attached to the top of its enormous head. In ordinary fishes, the branchiostcgal rays 
suxjport a membrane Vhich helps to close the gill-slit, and by its movements contri- 
butes to the direction of tho branchial currents. It is an ^i)endiige, or rudimcntallimb, 
answering to the pectoral fin diverging from the hsemol^arch, in tho adj (lining occipital 
segment. ^ 

Tho penultimate segment of tho skull above described is colled tho ‘‘parietal ver- 
tebra and the haemal arch is called the “ hyoidean arch," in reference to its support- 
ing ai^ subserving the movements of the tongue. 

The next segment, or the second of the skull, counting backwards, con be detached « 
from the foremost segment without dividing any bone. It is then seen to consist, like 
the tliird and fourth segments, of two a»he9 and a common oontre ; hut the constituent 
bones hove been subject to more extreme modifications. Tbo centrum, called pifi- 
spheuoid," No. 9, is produced for forwards, slightly expanding ; the neuhipophyscs, 
called “orbitosphenoids," No. 10, are small semioval plates, protecting the sides of the 
cerebrum ; the neural spine, or key-bone of the ard^ called “ frontal," No. 11, is enor- 
mous!}’’ expanded, but in the cud and most fishes is single ; the diapophyses, called 
“ post-frontals,” No. 12, project outwards from the hinder angles of the froatal, and 
give attachment to tho piers of the inverted hsemal arch. I'he first boife of tills 
arch is common in fi#hcs to it aiid to that of the last described vertebra, being th# bo^e 
called “cpitympanic," No. 28 (Fig. 9); this modification is called for by tho ijccossity 
of consentaneous movements of the two inverted arches, in connection witli tlxe degluti- 
tion and course of tho streams of watef required for the braifchial rospj^ation. The 
hsemal arch of the iircsent segment— enormously devel^jpcd— is jilainly divided primai-ily 
on each side iqto a plcurapophysis and hEcmapophysis ; lor these elements ore joined 
together by a movable articulation, whilst the bones into which they are subdivided 
aro suturally interlocked together.# ^ The plcurapophysis is so sub^vided in^o four 
pieces; the upper one, ^articulating with the post-frontal and masJoid— tho diapophyses 
of the two middle segments of the skull— is called “cpitympanic,^’ No. 28, a; the hin^J- 
most of the two middle pieces is the “ mosotyinpanic," No.%i8, b ; tho foremost of the 
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two middle ^ieora is the ** pretyinpar^c,” No. 28, e ; the lower piec^ is the hypotym- 
panic, No. 28, d ; thUi presents a joint-surface, convex in one way, concave in the 
other, called a “ ginglyinoid condyle," for the hffimaiK)physis, or lower division of the 
arch. In most air-breathing vertebrates — the serpent, Cut 16, e. g . — the pleurapophysis 
resumes its normal simplicity, and is a single bone, 28, which is called the “tympanic;" 
in the eel- tribe it is in two pieces. The* greater subdivision, in more actively breathing 
fishes, of the tympanic pedicle, gives it additional elasticity, and by their overlapping, 
interloddng junction, greater resistance against fracture ; and these qualities seem to 
have been required in fionsQiucnce of the j^esence o^a complex and largely-developed 
diverging appendage, which forms the fram<^ork of the principal flap^'or door, called 
“ opcrcul^ifi," that opens and closes the branchial fissure on each side. The appendage 
in question consists of four bones; the one artionlatcd to tlie tympanic pedicle is called 
“preopercular," No.^4; the other three are, counting downwards, the “ opercular," 
No. 3.5; the “ subopercular," No. 36; the “interoper#ular," No. 37. The hssmapophysis 
is subdivided into two, three, or more pieces, in different fishes, suturally interlocked 
together ; the mc&t common division is into two subequa^ parts, one presenting the 
concavo-convex joiflt^o tl!e plem'apoph^is, and called “ articular," No. 29 ; the other, 
bifurcated behind to receive the point of 2^ ani joining its fellow at the opposite end, 
to complete tlie hmwal arch : it is very singularly nR>dified by supporting, and having 
more or less firmly attached to it, a number ctf the hard bodies, called “ teeth," and 
hence it has been termed the “ doutory," No. 33. In the cod there is a small separate 
hone, below the joint of the pticular, forming an angle there, and called the “ angular 
piece," No. 31, ^ 

In consequence of tl^s extreme modification, in relation to the offices of seizing and 
acting upon th^food, the pair of hminapophyses of the present segment of the skull have 
received the name of “ lower jaw," or “ mandible" {mandibula). The entire segment 
is called the “ frontal vertebra." 

The first segment, forming the anterior extremity, of the neuroskcleton, liko most 
peripheral parts, is that which has undergone the most extreme modifications. The 
obvious arrangement, nevertbelcss, of its fibnstituent bones, wbon viewed from behind, 
ttftcr its deta<‘.hment from the second segment, affords one of the most conclusive proofs 
of the principle of adberenoo to common tyi)o which governs all the segments of the 
neuroskcleton, whatever offices they may ho modified to fulfil. The neural arch plainly 
exists, hut is now reduced to its essential elements — ^viz., the centrum, the ncur- 
apophysos, and the neural spine. The centrum is expanded anteriorly, where it 
UBually^siipports some teeth on its under surface in fishes ; it is called the “ vomer," 
No. 13. •The neurapophyaes are notched (in the cod), or perforated (in the s^ord-fish), 
Ijy t^e crura or prolongations of the braifi, which expand into its anterior divisions, 
called ollactory lobes ;" the special name of such neurapophysia is “ prefrontal," No. 
14. The neural spine is usually single, sometimes cleft along tho middle ; it is the 
‘‘ nasal," N(^ 15. * * * 

The hflcmal arch is drawn fqjwards, so that its apex, as well os its piers, are joined 
to tho centrum (vomer) and usually also to tho neural spine (nasal), closing up ante- 
riorly tho neural canal. The plcurapophyses aiu simple, short, sdhding backwards an 
expanded plate : they are called “ piatincs,” No. 20. The haomapophysos are simple, 
and their essential part, intervening between the pleurapophysis and hg>T»^i spine, is 
B^ort and thick ; but thhy send a long process backwards. This element is called 
“ maxiUafy/* No. 21, Iho hsemal spine, cleft at tho middle Tina, sends one process 
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Upwards of raiyin^ leng:Ui in different flaheS) (m4 a second dowiugrards and backwards ; 
and its under surface is beset withstecth in most fishes : it is Allod “ premaxillary',** 
No, 22. Each pleurapophysis supports a “ diterging appendage,’* consisting commonly 
of two bones : the outer one, which fixes the present hsemal arch to the succeeding one^ 
is called “ pterj-goid,” No. 24 ; the inner ono is the “ entopterygoid,” No. 23. The 
entire segment is called tho nasal vertebra.** The hrnmal arch and its appendage 
form what is termed the upper jaw {maailla) ; the palatine and pterygoids forming the 
rflof qf the mouth, the maxillary and premaxillary tho proper upper jaw. On reviewing 
tho arrangement of the bones of foregoing segments, one cwnot but bo struck by 
the strength of\ho arches which protect a&d encompass tho brain, and by the beauty 
and efficiency of that arrangement which provides such an arefi for each pHmary divi- 
sion of the brain ; and a sentiment^ of* admiration naturally arises on examining tho 
firm interlocking of the extended sutural surfaces, and esp^iallyaof those uniting tho 
proper elements of the arch with die buttresses wedged in hcjfween the piers and key- 
stone, and to which buttresses (diapophyses) thejargor haimsil arches arc suspended. 

In addition to the pa^ta of the neuroskcleton, tho bones of tho head include the 
ossified part of the ear-capsulo, “petrosal^** 1^, already mefttioifetf; an ossified part of 
the eye-capsule, commonly in two piccts, “ sclorotals,** No. 17 ; and an ossified part of 
the capsule of Hio organ of snftU, “turbiniil,” No. 19. Another assetiiblago of 
splanchnoakeletal bones support tho gMls, and arc in tho form of slender bony hoops, 
CJilled “ branchial arclics.” They arc articulated to and supported by the hyoidean 
ar(3h. Amongst the bones of the muco-dermal systoijj^ may bo noticed those that 
circurascrihe the lower part of tho orbit, of which the anterior is pretty constant in 
tho vertebrate series, and is called “ lacrymal,** marked 20 in Cut 9. In fishes they 
are called ‘‘ suborbitals,** and are occasionally present in great numbers,* as, e. y., in tho 
tunny. A similar series of hones sometimes overarches the temporal fossae, and oic 
' called supertcmiiorals.’* 

At the outset of tho study of Osteology it is essential to know well tho numeroiia ** 
bones in the head uf a fish, and to fix in tho memory their arrangement and names. 
The latter, as wc have seen, arc of t\fo kinds, as regards tho bones of the ncuro- 
skeloton ; tho ono kind is general,** indicative of tho relation of tho skull-bones to tlfc ' 
typical segment, and which names they bear in common with the same elements in i 
tho segments of the trunk ; the other kind is “ special,** and bestowed on account of 
the particular development and shape of such elemcp^s, as they arc modified in the head 
for pafticular functions. I would advise any one earnestly desirous of comprehending 
tliis beautiful department of Comparative Anatomy to obtain a prepared and Jfartially 
disarticulated skull of a cod-fish from Mr. Flower,* in which every hone bears the 
initials of its general” name, and the numerals indicative of its special** nomc^ 

A great proportion of the bone.s in the head of a fish exist in a very 8iyiilar«tato of 
ooimcction and arrangement in the heads of other vertebrata, u^ to and including man 
himself. No method could be less condifcive to a true and phUosophieal cegnprehension 
of tho vertebrate skeleton than the beginning its study iji man— the most modified of 
all vertebrate fovms, and that which recedes furthest from the common pattern* Through 
an inevitable ignonfiice of that pattern, the bones in anthropotomy arc indicated only 
by special names more or less relating to the particular fo^ns theseJ>onGs happen te bear 
in man ; surfii names, when applied to the tallying bones in lower animals, losing that 
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Bigniftcance, and )>ecapimg arbitroiy gigns. Owing to the frequent modification by con- 
fluence of the human voncB, collections of them, soTunited, haye received a single name, 
as, e, y., “ occipital,” “ temporal,” &o. ; whilst their constituents, which are usually 
distinct vertebral elements, have received no names, «or are defined as processes, a. y., 
** condyloid process of the occipital bone,” styloid process of the temporal bone,” 
“ petrous portion of the temporal bone,” &c. The classification, moreover, of the bones of 
the head in Human Anatomy, viz., into those of the cranium and those of the face, is 
artificial or special, and consequently defective. Many hones which essentially .belong 
to the skuU are whoUjf* omUted in such classificatiox^ 

In regard to the archetype of tho vertkbrate skeleton, fishes, which were the first 
forms off! vertebrate life introduced into this planet, deviate the least therefrom ; and 
according to the foregoing analysis of the bones of the head, it follows that such bones 
are primarily divisible into^those of— 

" The Ncuroskelcton ; 

The Splanchnoskclcton ; 

The Dcmoskeleton. 

<1 

The ncuroskeletal bones are arranged in fqur segments, called— 

’ The Occipital segment ; 

Tho Parietal segment ; 

The Frontal segment ; 

^The Nasal segment. 


Each segment consists a “ neural” and a ^^hsemal” arch. The neural arches are — 
' N X. Ej>cncephalic arch (bones Nos. 1, 2, 3, 4) } 

N n. Mesencephalic arch (5, 0, 7, 8) ; 

N in. Prosencephalic arch (9, 10, 11, 12) ; , . 

N XV. Hhinencephalic arch (18, 14, Id). 

Tho hmmol arches are — ^ 

'* H X. Scapular arch (dO-52) ; 

H II. Hyoidean arch (38-43) ; 

H ui. Mandibular arch (28-32) ; 

H IV. l^axiliary arch (20-22). 

Th^ diverging appendages of the haemal arches are — 

*■ The Pectoral (54-67) ; 

2. Tho Branchiostegal (44) ; w 

t ^ 3. The Opercular (34-37) ; 

4. Tho Pterygoid (23-24). 

• < « 

The bonfes or parts of the splanchno-skeleton which are intercalated with or attached 
to the arches of the true veriebftl segments, are — 


The Petrosal (16) or ear-capsulc, with the 
The SclercjJad (17) or eye-capsid'e ; 

The Turbinal (19) or nose-capsulo ; 

TTio Blanchial arches; 

The Tcfith. 


otolites, 16” ; 
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The bones of the dermoskeleton^are — • | 

The Suprateaiporals ; 

The Superorbitals ; 

* The Suborbitals ; 

The Labials. 

Such appears to be the natural classification of the parts which oonstllutc the 
cjbmpk)x skull of osseous fishes. ^ 

The term “cranium” might yell bo allied to the four neival arches collectively, 
but would exclude some bones called “ crRnial,’* and include |ome called “ facial,” in 
Human Anatomy. In a side view of the naturally-connected bones of tHethead of a 
fish, such as is shown in the figiirp of tho skeleton of the sea-perch, Cut 9, the upper 
part of the head is formed by tho neural spines called 8i|{)crocaLpital, 3, frontal, 11, 
and nasal, 15 : produced at the Hinder half into the mediajji ridge. The right lateral 
ridgo is formed by the parietal, 7, and paroccip^tal, 4 ; the extema^ridgo by the post- 
frontal, 12, and the mastoid, 8. Tho anterior termination of tho scries of centrums 
may be partly seen through the widely-epen*orbit8 at 9 and f3,*indicating tho pre- 
sphenoid and vomer respectively. Th(f mo^ conspicuous poi'ts of the upper jaw are the 
premaxillary, 22, and the maxillafy, 21, tho latter being edentulous, as in most fishes : 
the salmon and trout ^re examples wlfcre No. 21 bears teeth. Tho shape and slight 
attachment of those bones relate to the necessity of a movable mouth that can be pro- 
truded and retracted, in a class of animals that derive §id in the prehension of their 
food from their limbs, which arc reduced to fins. The upper bent batik part of the 
premaxillary is called its “nasal branch,” and is of unusual length in fishes with 
protractUo snouts, as, e. y., the dories (Zeus), certain wrasses (Coricus)f and especially 
the sly-bream (jSparus insidiaior of Pallas). In this fish the nasal branch of the pro- 
maxillaty pl%ys in a groove on the upper surface of the skull, and reaches as far back 
as the occiput, when the mouth is shut and retracted. Tlie descending branch of the pre- 
maxillary is attached by a ligament to tho maxillary, and, as this is similarly attached to 
the mandible, both arc protruded, vrhen tlA long nasal branch of tho premaxillary is drawn 
forwards out of its epicranial groove. This action is aided by the hypotympaniS, 
which is of great length, and has a movable articulation at both ends ; tho lower end 
joinii% the mandible is pulled forward, simultaneously with tho protrusion of tho 
premaxillary, and co-operates therewith in the sudden projection of tho mouth, by 
which the sly-beam seizes, or shoots with a suddenly-propelled drop of water, the small 
agile aquatic insects that constitute its prey. 

An opposite extreme of modification of the maxillary and premaxillary bones, where 
unusual fixity and stAngth are needed, is that presented by the “ sword-fishes,” in which 
the prcmaxillarioB constitute, by an unusual prolongation and density pf tissue, the 
sword-shaped weapon characteristic of the genera Xiphias and Jstiophorua, • 

In Cut 9 the divisions 28 a, and*<f, of the tympanic pcdide, and the two chief 
divisions, 29 and 33, of the mandible, are shown, togtthQr with the four bonos of tho 
opercular appendage ; the preopercular, 34, being serrated and spined^ as in most 
perches. * 

Of the hyoidean arch may be sHen the glossohyal, 4^, the cegitohyal, 40, mth its 
branchiostegd rays, 44^ and urohyal, 43. Of the scapular ^arch, the scapula, 51, 
and the coracoid, 52, this supports not only the bonos of thb “ pectoral fin^” F, vim, 
ulna, radius, with the small carpal bones intervening betweeK. them and the metacarpo- 
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plialauges, 57y but als( the lower clcincnts of ihe ji;>Glyic arch, 63, and their diyerging 
appendage, 69, called the “ ventral fin,*' V. 

In the segments of the trunk the haemapophyscs, 
save in the first vertebra, 68, and the pelvic vertebra, 
63, are not ossified ; but they arc represented by apo- 
neurotic fascia continued downwards from the ossified 
elements of the segments; these elements consist of 
the centrupa, the nciiraijophysps, and neural spines, 
the plcurappphysps, * and the parapopkyscs. In most 
fishes the neural spines are connate with the ncurapu- 
physcs, and th^se beromc confluent with the centrums 
in most of the segments : the ncurapophyses arc per- 
forate<l directly by spinal nerves in many fishes, as 
at (Fig* fl) ; tlicy usually develop anterior zygapo- 
physe^.; Z (Fig. 9). The contnims are biconcave in all 
fishes, Sfivo the lci>idostcus, in which they are convex 
in front, ani (j^mcavc behind. The pleurapophyscs, 
pi (Fig. 9)j form w^at aro called false ribs,” or free 
or “ floating rij>s," in Anlhropotomy : they articulate 
with the centrums in the anterior trunk-vertehree, and 
tlicn with the parapophysos, jo, which arc usually 
confluentwith the centrum. The parapophyses elongate, 
Lend down, and unite together at or near to the end 
of the abdomen, and so form tho contracted haimal 
canal, for the caudal vessels, in the long and muscular 
tail of the fish. The trunk- vertehrm of a fish arc 
divisible into those which have free plturapophyscs, 
called “ abdominal vertebra*,” and those without, and 
which terminate below by narrow haemal arches and 
long spines, called “ caudal vertebr®.” These hremal 
arches arc formed by different parts in different fishes : 
commonly by the bent-down and terminally confluent 
parapophyses (Fig. 10), I, j?, cod; sometimes, as m the 
tufmy («6.) Ill, by parapophyses, lengthened cut by 
pleurapophyscs, pi ; sometimes, as in lopidosteus (j’ 6.), 
II, by pleurapopbypses, pi; but never, as in air** 
breathing vertebrates (/A.), V, by ossified ‘liamapo- 
physes, A, ?is, Thepo elements, in the first vertebra 
of tho trunk of a fish, are, indeed, ossified, and form 
the long and sla idor hone called ** clavicle, ” 68 (Fig. 9), 
usually attached to the inner side of tho scapular ai’ch. 
^Tlio hmmapophyses of, probably, the last abdominal 
vertebra, called “ ischia,” No. 63^ are* detached from 
the rest of their fogment, and are either loosely sus- 
pended in the flesh, beneath or^near it, as in the fishes 
coiled “abdominal;** or they are advanced, much elon- 
gated, and attached to the scapular arch, as in the 
flshfea called “thoracic** (Fig. 9); or they are more advanced, shortened, and 
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similaiiy attache^ as ia the fishes called jugular;" or they are wholly wanting, 
as in the fishes called “apodal." •The fins called “ ventral ,’ n V, supported by the 
pelvic hiemapophysos, indicate by their portion the orders of fishes called “ abdo- 
minal," “ thoracic," |ind “ jxigular,” by Linnaeus. 

The only proper fins in pairs are the “ pectoral,” P, answering to the fore-limbs 
of quadrupeds, and the “ventral," V, answering to the ‘ hind-limbs. The rest of 
the fins ore single and median in position, and are due to folds of the skin, in which 
ocrtaki dermal bones are developed for their support. These bones are of two kinds : 
one, dagger-shaped, are plunged, so to spfiak, up to the hilt, in the flesh between the 
neural spines, and between the haemal spifics ; those along the^upper surface of the fish 
are called “intemeural spines," tw. Cut 9 ; those on the imder surface ar«?the “ intcr- 
hfcmal spines," ih. The iiitomcural*Bpincs support the “ demioncural spines, dfu, 
forming the rays of the dorsal fin or fins, Dl, D2, and upper rays of tlie caudal 
fin. The intcrhicmal spines support the dermohicmal spinels, which form the rays 
of the anal fin, A, and the lower rays of the caudal fin, dA, C. 

Both dormoncural and,dcrmohe 0 mal spines may present two structures ; they may be 
simide, imjointed, firm, bony spines ; or they nfhy be flexible,* joiiftctl, and branched rays. 
Those fishes which have one or more dt thejiard spines at the beginning of the pectoral, 
ventral, dorsal, and anal fins arecftlled “acantboptcrygian," or spiny- finned fislies (Cr. 
acantJwa^ spine ; pten'ux^ fin) ; those in w%ich the vertical fins arc supported by soft spines 
are called “irialacopterygian," or soft-fiunod fishes (Gr. malakos^ soft ; fxnApterux). Ichthy- 
ologists avail themselves of the number and kind of rays ^^le fins to characterize the spe- 
cies of fishes, and adopt an abbreviated formula and symbols to express these characters. 

In regard to the sea-porch (Fig, 9), the fin-formula would»be as follows : — 

D 7, l-j-12:Pl2: VI -1-5: A 3-1-8:018, * 

which signifif?a that D, the dorsal fin, has, in its first division, 7 rays, all spinous : in 
its aec«rid division, 1 spinous (plus) 12 rays that are soft. P, the pectoral tin, has 12 
rays, aU soft. V, the ventral fiu, has 1 spinous 5 soft rays. A, the anal fin, has " 
3 spinous 8 soft rays. C, the caudal fin, has 18 rays. 

When the piscine modification of thd vertebrate skeleton is contemplated in relation . 
to the life and movements of a fisli in its native element, every departure from the I 
archetype is seen to be in direct relation to the habits and well-being of the species. i 

"Phe largo head has been compared to tho embryonic disproportion of that part in I 
higher vertebrates ; but the head of a fish should begof the size and shape best fitted fit ! 
overcome tho resistance of water, and to facilitate rapid progression thrt>ugh that 
element : the head must, therefore, grow with the growth of the body. Accordingly, 
the larg^ skull-bones always show the radiating boriy^ filaments in their clear cinium- 
ferenee, which is th8 seat of growth ; and hence the number of overlapping squamojis 
sutures which least oppose the progressive extension of the hones. Tho j^ranial cavity 
expands with tho expansion of the skull, but the brain undergoes no corresponding 
increase ; it lies at the bottom of its capacious chamber, whiefi is principally occupied 
by a loose cellular tissue, situated, like “ arachnoicy’ jpembrane in man, between tho 
brain-tunics, called “ pia mater" and “ dura mater," and having its cells filled by a 
light, oily fluid ; tlfhs the head is rendered specifically lighter than if growth only, and 
not the modeUing absorption also, had gone on. The V><)se coi!|ieotion of tho»hscmal 
arches and their parts,*mcliiding most of what arc, called “ bones of the face," seems 
like the retention of a condition observable in the portiSUy-developed skull of the 
embryos of higher animals ; but this condition is subservieftt to tho peculiar and exten- 
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aive moromeiits of ,tho raws, and of the bony snpporta of the breathing machixKsxy. Not 

any of the limbs of flsHes are prehensile ; the moufa may be propelled by them to the 

food, but the act of taking it must be performed by the jaws ; these can, accordingly, 

be not only opened and shut, but can be protruded and retracted.. The division of the 

long tympanio pedicle into several partly>overlappmg pieces adds to its strength, and 

by a slight elastio yielding diminishes the liability to fracture. The tongue, to judge 

by its structure, seems to serve little as an organ of taste, but the arch sustaining it has 

much to effect in the way of swallowing . for this action relates not merely to food ; the 

mechanical part of breathing <Is a modified, hlhitual, ani frequent act of d^lutition. The 

hyoid arch is the chief sqoport of the branchial arches and gills ; and the branchiostegal 

meiubraneb, stretched out upon the diverging rays of the hyoid arch, regulate the course 

and exit of the respiratory currents. *■ ^ 

By the retraction \)f thq hyoid arch the opercular doors are forced open, and the 
branchial cavity is widened, whilst aU entry from bcMnd is prevented by the branchi- 
ostcgal flaps, wliiol{ close the external gill-openings, The water, therefore, enters by the 
gaping mouth, and rushes through the sieve-like interspaces of the branchial arches 
into the branchial cavity ; the mouth then ^uts, the opercular doors close upon the 
branchial and hyoid arches, which again swing forwards ; and the branchiostegal mem- 
branes being withdraw, the currents rush out at the gill-openings. Thus the mcoha- 
nical functions of the hsemnl arches of the thoitax of the higher air-breathing classes 
are transferred to the haemal arches and appendages of the skull in fishes. 

The persistent giUs and gij\ arches in fishes have been compared with the same parts 
which arc transitory in frogs, and with some traces of branchial organization in the 
embryos of higher verteVratos : and fishes have been called, in tho language of the 
traiismutation^o^-spccios hypothesis, “ arrested gigantic tadpoles.” It will be found, 
however, that so far from there having been any stoppage of development, the branchial 
arches have been adapted to tho exigencies of the fi^ by advancing a glade of 
' structure which they never reach in the frug. This is shown by their firm ossification, 
and their numerous clastic joints ; the sieve-like valves developed from the side next 
tho mouth have been pre-arrangod, with the litmost complexity and nicety of adjust- 
ment, to prevent tho entry of any particles of food, or other irritating matters, into the 
interspaces of the tender, vascular, and sensitive gills. It is interesting, also, further 
to observe, that the last pair of these arches, which, when the embryo-fish is a{» yet 
edentulous, usually support gills, i are reduced, when the supply of yolk-food is 
exhausted, and the jaws get their prehensile organs, to tho capacity of the gullet, 
become fi^ickcned, in order to support teeth for tearing in pieces, mincing, or cn^mg 
tho food, and are converted into an accessory pair of jaws, and this pair /he most 
iixportant of tho two, as it would seem ; for tho carp-tribe— tdhch, barbel, roach— 
which have np teeth on their proper jaws, have teeth on tho pharyngeal jaws. In 
no\)ther vertebrate anjipalB, save the osseous fishes, is tho mouth provided with maxil- 
lary instnimeuta at both the fore and hind apertures ; and in no other part of the piscine 
structure is the direct divergence frrom any conceivable progressive scale of ascending 
organisms, culminating in man, so plainly muked as in this. 

The general form of the fish is admirably adapted to the element in which it lives 
and mowes. The viscera arc pr eked in a moderate*' compass, in a cavity brought for- 
wards close to the heaj.. The absence of any neck gives the advKntage of a more exten- 
sive and rqpistifrg attachmemt of the head to the trunk, and a greater proportion of the 
trunk is left free Ibr the allocation of tho muscular masses which move the tail. In 
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the ** caudal" divuion of the yertebral column^ the parapophysc^ cease to extend out- 
wards ; they bend downwards, unite and elongate in that direction, proportionally with 
the elongation of tho spines above, whilst dcVmal and intercalated spines shoot forth 
from tho middle line ^bove and below, giving the vertically extended, compressed form 
to the hinder half of the body, by the alternating lateral strokes of which the fish is 
propelled forwards in the diagonal between the direction of those forces. The advan- 
tage of the biconcave form of vertebra, with intervening clastic capsules of gelatinous 
fluidf in producing a combination of tho resilient with tho muscular power, is as obvious 
as it is beautiful to contemplate. # * « 

The fixation and coalescence of any the vertebra in thig locomotive part of tho 
fishes’ body, analogous to tho part called “sacrum" and “pelvis" in lond’cjuadriipcds, 
would be a great hindrance to the,alfbmato and vigorous inflections of that port, by 
which mainly the fish swims. A “ sacrum" is a consolida^on of part of the vertebral 
axis of the body, for the transferlncc of more or loss of tho ^weight of that body upon 
limbs organized for its support on dry land ; sugh a modification w^uld have been not 
merely useless, but a hindrance to a fish. Tho pectoral fins arc the prototypes of the 
fore-limbs of the higher vertebrates. With flicir terminal *segihent, or “ hand," alono 
projecting freely from the trunk, and ^at^cd in a common sheath of skin, they present 
tui interesting analogy to the emb^onal buds of the answerable members in man. But 
what would have beep the result if both arm and fore-arm bad extended freely from tho 
side of the fish, and dangled as a long many-jointed appendage in tho water ! This 
“ higher development," as it is termed, in relation to th^^prchensilo or cursorial limb of 
tho denizen of dry land, would have been a defect in the structure of a cfeature destined 
to cleave the liquid element. In the fi^, therefore, the fore-limb is left as short as was 
compatible with its required functions : the broad, many-fingcred hand alone projects, 
but can be applied prone and flat, by flexion of the wrist, to the side of the trunk ; or it 
may extended with its flat surfaccedtumed forwards and backwards, so os to check 
and arrest, more or less suddenly, the progress of tho fish ; its breadth can also bo 
diminished by closing up or stretching out the digital rays. In tho act of flexion, the 
pectoral fin slightly rotates, and gives fln oblique stroke to the water. The requisite 
breadth of tho modified band is gained by the addition of ten, twenty, or it may bd a 
hundred fingers over and above the number to which they are restricted in the fore foot 
or hhnd of the higher classes of vertobrata. The pike maintains a stationary position 
in a stream by vibrations of the pectoral fins : the aature of tho bottom of the fish’s 
habitat is ascertained by a tactile application of the same fins. In tho hard-faced gur- 
nards certain rays of the pectorals are liberated firom the web, and havq% siHicial 
endownKnt of nerves, in order to act as feelers. In tho siluroid fishes, tho pectorals 
wield a formidable Veapon of offence. A tropical species of perch (Anabaa) usea a 
smaller analogous pectoral spine for climbing up the mangrove stems in qpeat of insects. 

Certain lophioid fishes that live on^sand banks left dry \ow water, are enabled 
to hop after the retreating tide by a special prolongation of the carpel joint of the 
pectoral fin, which projects in these “ frog fishes," as^ey have been termed, like tho 
limb of a landTquadruped, and presents two distinct segments clear of the trunk. 

The sharks, whose form of body and strength of tail enable them to swim near the 
surface of the ocean, are further aoapted for this spheve of actiyity, and compensated 
for the absence of an fiir-bladder, by the large proportional siz^ of their pectoral fins, 
which take a greater share in tbeir active and varied evolutions than in ordinary fislms ; 
more especially in producing that half turn or roU of the*body required to bring the 
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mouth, which is on the under part of t|}ie head, in contact with their J>rcy. The maxi- 
mum of development d'the luany-iingcrcd hands is attained in the rays, and in those 
fishes — e.g,y Exocaetus I>actylopterm — called “flying fishes,” in consequence of the 

pectorals being long enough, and their webs broad enough to suslnin them in the air, 
in their long “ flying leaps” out of the water. 

With regard to the ventral fins — the rudiments of hind-limbs — ^theso combine merely 
with tlie pectorals in raising th(‘ fish, and in preventing, as outriggers, the rolling of 
the body during progression. In tlie long-hodied and small-headed abdominal fishes 
the vcntrals are situatefl nev the vent, uharc they b^t subserve the oflice of accessory 
balancers ; in the large-headed thoracic and jhgular fishes they are transferred forwards, 
to aid tlio«pfictorols in supporting and raising the head. If the pectoral and ventral fins 
in one of these fishes bo cut off, the head sinks to the bottom ; if the right pectoral fin 
only be cut off, the fiab Icanji to tliat side ; if the ventral fin on the same side be cut away, 
then it loses its equilibrium entirely ; if the dorsal an4 anal fins be cut ofi^ the fish reels 
to the right and loft ; when the caiidol fin is cut off, the fish loses the power of progressive 
motion ; when tlie fish dies, and the fins cease to play, the bc^y turns upwards. 

Polcy thus sums^ufi thef actions of th<f finsiof fishes: — “ The pectoral, and more par- 
ticularly the ventral, fins servo to raise and^epA ss the fish ; when the fish desires to 
have a retrograde mation, a stroke forward with the fjoctoral fin effectually produces it; 
if the fish desire to turn cither way, a single blow with the tiiil the opposite way sends 
it round at once ; if the tail strike both ways, the motion produced by the double lash 
is progressive, and enables tbg ^sh to dart forwards wiili an astonishing velocity. The 
result is not o^ly in some cases the most rapid, but in all eases the most gentle, pliant, 
easy animal motion with*, which we are acquainted.” “In their mechanical use, the 
anal fin may be Reckoned the keel ; the ventral fins, the outriggers ; the pectoral fins, 
the oars and we may now add “ tlic caudal fin, the screw-propeller.** And if there bo 
such similitud between those par ts of a boat and a fish, “ observe,’* adds Paley^“ that 
it is not the ;escmblanee of imitation, but the likeness which arises fi'om applying 
similar mechanical means to the same purposes.”* 

Principal Fonns of tho Skeleton ik the Class ReptUia. — The transi- 
tibn from fishes to reptiles is easy, and the signs thereof very manifest in the skeleton. 
In the thoinback and allied fishes tho skull articulates with the trunk by two condyles, 
and the part answering to the basioecipital is a depressed plate. Tho Eatrackia^ or loivest 
order of reptiles — including tho sirqu, protous, frog, toad— have a similar double articu- 
lation of the skull with the trunk, the two condyles being developed from the two 
exoocipit^s, Hflomapophysea are not present as bones in the abdominal part of the 
trunk of Batrachia^ but they are so developed in the tail. This structure, arith the 
detachment of tho scapular arch from the occiput, and tho ahsenc(f of dermoneural and 
dermohwmal opines, serves to distinguish the most fish-like hatrachian from the ])ro- 
topteruB and lepidosiren, which are the most reptile-like of fishes. 

In commoficing the study of the skeletons of reptiles in tho moat fish-like of tho 
doss, we find a much less coiqpl«t condition of the osseous framework of the body than 
in tJie bony fishes ; this will be immediately manifest by a comparison of the skeleton 
of the menopomc (which may bo seen in the Museum, Royal College of Surgeons, No. 
683), ac an example of the peipnmbranchiate batraSihia, with the skeleton of the trout 
(No. 45) or of the haddock (No. 17^, in the same Museum). »■ 

« * 

• • Nat. Theology/* 8vo, 1805, p. 257. 



BATRACHIAN ILLUSTRATIONS OF T^E NATURE OF LIMBS, 18? 

^ ^ 

The difference tends greatly to elucidate the 'true nature of Jhe complexities of the 

Bsh’a skeleton, since it chiefly consist in the si^pliflcation of that of the hatrachian, hy the 
non-development of the parts of the dermal skeleton which characterize that of the fish. 
The suborbital, superdSrbital, and siipratcmporal scale-bones are removed, togrtlier with the 
opercular bones, from the head ; and the intcmeural and dermoncural spines, with the 
intorhoomal and dermohajraal spines, are removed from the trunk. The cndoskeleton 
is also reduced to a very simple condition; the advance characteristic of the higher 
class* being appreciable only by a' comp^son of it with the skeleton of the most 
batrachoid of f^hes — e. the prfltopterua,(No. 380). 

We then perceive that the bodies of the veriebne,* in Abe true batrachian, are 
distinctly ossified, though 
preserving, in the peren- 
nibranchiato species, a 
deep, conical, jelly-lilhul 
cavity both bcfiire and be- 
liind (Cut 1 1 ), C ; they ha^e 
also coalesced with tho 
neural arches, as these have 
with th(;ir spines, wdiich 
are, however, scarcely pro- 
minent, except in the tail. 

Tho transverse procc'sses 
arc developed not only from 
tlio centrum but from the 
base of the neural arch, 
and are formed by both parapopbyses and diapopbyscs ; and tiny coexist with distinct 
InemapophySes in the tail II. With tlicsc, likewise, coexist cartilaginous plour- 
apophyses {ib.), pl^ in tho second, third, and fourth caudal vertebrae ; short ossified 
plcur apophyses being developed from ends of the diapophyses in tho first caudal 
to the vertebra dojitata inclusive. 

11)” this instructive condition of the skeleton of tho mcnopomc, we ijcrotuve at once 
that the haemapopbyses («d.), H, are neither transverse processes, nor ribs bent down or 
displaced, but are elements of vertebrro, as distinct as the neurapophyses above. Th(i 
neural arches are now articulated together by wcll-^cvcloi)cd zygapopbyses with syno- 
vial articulations, which are absent iu the protoi)t(Tus, as in most fishes. 

In tho protopterus, as in the squatina and some other cartilaginous fishes, ncniral 
arcli of the atlas rcs^s upon a backward production of the basioccipital ; iu the batrachians 
it is conflmmt with its own proper centrum, which develope.s two articular surfaces fl)r 
the two occipital condyles. The hmmal arch of tho occipital segment, which is*atlachcd 
to its proper vertebra in the protopterus (Fig. S2), A, 61, in osseous fishes, is 

detached and displaced backwards in the batrachians (Fig. 33), 51, 62. ’ In tho com- 
pletion of the hcemal arch of tho sacral vertebra in tl«j monopome, by the enlarge- 
ment of its transv^se process (Fig. 11), D, and by its plcurapophysis {ib>)<,pl, extended 
to join a hasmapophysis (f6.), H, bgjlow, we have the key to the essential nature of the 
pelvis in aU air-breathing animals. The progressive dcJelopmeLS: of the appendages of 
the scapular and pelvic arches, which are to becomo the four^limbs of air-breathing 
yortebrates, should be traced ftom their condition in the ^protopterus. Here (Fig. 32) 
they are reduced to a single ray, which is soft and many-jointed. In the Amphiuma 
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didaciyla (Fig. 33) the yay ia ossified ; 4ta first joint 53, is long, its second (t5,), 54, 
55, is bifid, and a cartilage at tho end of this suppoiin tnfo short terminal rays. This 
is the pattern of the subdivision of the appendage both of the scapular and pelvic 
arches, in all tho higher vertebrates ; hence, in consequence of the vast modifications 
of the several segments, the necessity for their special names. In tho fore>limb the 
first segment (Fig. 33), 53, is tho “ arm,*’ and its bone, tho “ humerus,” No 53 ; the 
second segment is the fore-arm— its two bones are tho “ radius,” No. 55, and “ ulna,** 
No. 64 ; iho third segment is the “hand” — ^its rays arc tho “fingers and its hones 
are subdivided into “caipolrf,** No. 56, “ metacarpals,*" and “phalange^** No. 57. In 
the hind-limb (Fig. 34) 4 *he first segment ia tho “ thigh,” and its bone, tho “ femur,*' 
No. 65 ; the second segment is tho “leg,** and its two bones are the “tibia** No. 66, 
and “fibula,** No. 67; tho third segment is the*** foot "—its rays arc the “toes;” its 
bones are subdivided ihto *‘tir8al8,” ** metafnrsals,** and **pha' *ges.” 

In the siren the pelvic srch and limbs arc not developed ; but they coexist with the 
scapular arch and lirnba in all other batrsohia. In t' • ’»'^otcu8 the last segirent of the fore- 
limb divides into th];ee^ rays, that of the l|ind-limc .o two rays ; in other words, it has 
three fingers and two toes. The menobranchus has lour finger^ an. 'mr toes. The axolotl 
has four fingers and five toes. The mcnopoiFe has fiv^ fingers and five toes. 

The ultimate subdivisions of the radiated or diverging appendages of the scapular 
and pelvic arches do not exceed five in any existing air-breathing animal, and their 
farther complexity is due to the specialization of each digit, so as to combine in 
associated action, instead of Cieir indefinite multiplication, which causes the seeming 
complexity of fho same appendages in fishes. 

In all the fisl^-lilce baft’achia, called, from a retention of more or less of the branchial 
apparatus, ** perennibranchio,** tho limbs are short, and the rays of tho terminal segments 
of each limb arc, more or less, united by a web : the body is long, and the tail long and 
compressed. But a great ascent in the scale of life ia made in the hatrachiti^i order ; all 
the species when hatched have the fish-like form, and gills for breathing water ; most 
of them exist for some time, under this form, m water ; and these undergo so strange 
a modification of form and structure before arriving at maturity, that it lias been called 
a ^* metamorphosis.*’ They change their aquatic for a terrestrial life ; they breathe air 
instead of water ; and from being omnivorous become carnivorous. Tho tadpoles of 
our common toad and frog afford ready and abundant instances for tracing these stages. 
The following is an outline of the main phenomena of the change observable regard 
to the osseous system : — 

In th%deyclopment of the skeleton of the common frog, a fihx'ous and cartilaginous 
fiwuowork is originally laid down conformably with tho aquatic habits and lifig of the 
lal»va. A large cartilaginous cranium with four hsemal arches, and one of these supporting 
the fi'ambwork of the branchial apparatus, — a short series of fibro-cartilaginous verte- 
brs$, minus tho hmmal g^fihcs, in the trunk, and f. series of fibrous septa diverging irom 
the fibrous capsule of the notochord, and defining and giving attachment to the mus- 
cular segments along the toily-^cofistitute the skeleton of the newly hatched tadpole. As 
it grows, ossification begins ; but only in those part of the skeletop w^ich are to be 
retained in the future frog. Thus, the centrums qpd neurapophyses of the head and 
trunk ate ossified, but%iot thos# of tho taU. In the trunk, ossification of tho vertehral 
body proceeds centripelalljr by layers, successively diminishing in extent, and conical 
iuf^p^earfire left, consistii^ of the changed fibrous capsule of the notochord with the 
indos^ gelatinoiia cdls, their liquefied contents forming tho balls of fluid, between the 
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biconcave vcrtebl®, as in fishes. But ossification proceeds to fijl up the hinder cavity of 
the centrum, and to project into the front cavity of the succeec^ng vertebra, with which 
it is finally connected by a synovial ball-and-socket joint. Thus, the firmer intervertebral 
articulations arc established, which adapt the vertebral column to the support of a body 
which is to be suspended upon limbs, and transported by them along the surface of the 
dry ground. Whilst this change is proceeding, the tail is undergoing rapid absorption, 
the retained fibro-cartilaginous condition of its vertebral rendering them more ready for 
• rcn\pval. In the last fused rudiments of the caudal vertebrae, ossification extemds con- 
tinuously, and the peculiar stylej[^g. at tho end of ^e vhrtcbral scries in the frog 
and other tail^less batrachians, is thus c^blished. ^ 

In the conversion of the biconca''’L into cup-aud-ball vertftjrm in batracjiian larvae, 
ossification commonly, but not always, pro- 
ceeds to obliterate the hinder cavity In ^ 

the land salamundcrs, ho woven it cxtcnlp 
from the front cavity ; so that in the adult 
vertebrae the hall is antey or, and the cup pos- , 
tcrior, as in certain salamandroid fishes — A V IjA • • 

Igftdosietts. In those batrachians thatwetain B€ ^ 

more or less of the branchial appjfratus, wifii ^ 
the outward form and natatory tail adapted 

to aquatic life, the vertebrse of the tail are ^ 

osaifiedlike those ofthe trunk, but the bicon- Y ^ 

cave structure and intervening gelatinous €r®| / • yri 

joints are retained throughout life. R |L M 

The chief changes which take place in ^ 2 |[ | jj " '‘''x 

tho conversion of the cartilaginous skull of mLW 
the larva tqthc ossified one of tho imago, i 

or perfect frog, are seen in the shape and ^ \ • 

relative position of the hmmal arches and ; 1 \ 

their appendages — t. e., of the maxillary, I I ' 

mandibular, hyoid, and scapular arches. ''1 * 

The maxillary arch expands in breadth, \ M * 

the«mnuth widens, and the liorny mandibles \ M 

arc shod. As the mouth advances forwards, ^ | \ 

tho tympanic pedicles are elongated, and arc jt;t 

placed mor* hliquoly ; their proximal end V 

retrograding from tho post-frontal to tho 

mastoid region of the skull, and tlieir dis- [1 , 

tal end inclining forwards with tho attached ^ 

lower jaw, Nos. 29, 33, on which the denticles 

now begin to be developed. For the stilftnoro k 

extraordinary changes of the hyoid arch, ^ \ V 

No. 41, and its^branchial appendages, No. 46, ** H n 

the student is refefred to Buge’s “Rcchcr- ^ 1 

dies sur rO.stcologie des Batraciefis,”'4to, • , • 4- 

1836; ailfl to the wntiT s “Archetj’pc ofthe skfaxtom op xob^f&oo (Jlana eseulenfa). 

Vertebrate Skeleton,” pp. 70, 71. * • 

The scapular arch, which was dose to the occiput, whSst protecting an^ supporting 
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tlio branchial heart— its primary function — ^begins, as the rudiii.'i^iits of the foi'c- 
limbs bud out, to rc<^e backwards, like tho mandibular and branchial arches, but 
to a greater extent, the attachment to the occipital segment being wholly lost. Tho 
scapular and coracoid portions of the arch become first ossified ; the suprascapular 
plate remaiiis long cartilaginous, and always partly so ; the sternum is developed in pro- 
portion as the hyoid arch is reduced, and the branchial arches are removed ; thus a 
strong fulcrum is completed for the oiticulation of the shoulder-joints. The pelvic arch 
had previously been cumxfieted, and the ihac bones and sides of the sacrum become 
co-elongatcd : then the* ilia^ontiuuo to extand bacl\nirds as tho tail is being absorbed, 
and tliu liind-liuibs arc lengthened out and finished. 

Thus t|[iotamoi 7 )hoacd, the skeleton of tho frog presents tho following structure 
(Fig. 12) : — ^Tho number of vertebroo of tho trunk, exclusive of the coxygeal style, e, is 
nine ; the first, or atlq^, has no diapoi>hyscs, but these are present and long on the rest, 
esi>ccially on the third, d, ana ninth, 5 , vertebrae ; in this latter they arc thick, stand out- 
wards, and support two othdr long, curved, rib-like bones, 62, which expand at tbeir distal 
ends, and unite to t^o bony plates, 63, cfimpleting the hajmal arch of tlie ninth segment of 
tho tiiink. Th6 bonSs n-f thtf hinder extremities ai’o attached to the point of union of the 
above costal and hajmal pieces, one of which ana»rer8 to tho ilium, 62, and the other J:o 
the ischium, 63. Tl^ superior devclopmen^of this arch relates to the great size and 
strength of the hinder extremities in tho tail-loes tribe. The bodies of the vertebrae 
are articulatc'd by ball-and-socket joints, the cup being anterior, the ball posterior, a 
modification which relates to the more terrestrial habits and locomotion of these liigher- 
organized hatr.'iehia. Tho caudal vertobros are represented by a single, elongated, 
cylindrical style, having an aneliyloscd neural canal. In the seven vertebra, between 
the atlas and the sacrum, two zygapopophyscs, looking upwards, two zygapoi>hyses, s, 
luokiug downwards, and a short spine, ore developed from each neuial arch. 

The suprascapula, 50, is very broad, and in great part ossified; the scapula, 61, 
^/divides at its humeral end into an acromial and coracoid process ; the latter articulatc's 
with the time coracoid bone, 62, tho acromion with the expanded extremity of the 
! clavicle, 68 : the glenoid cavity is formed by both the scapula and tho coracoid. An 
I epistornal bone, 59, supporting a broad cartilage, is articulated to tho mesial union of the 
j clavicles, frOm which a bony bar is continued backwards between the oxi)anded and par- 
tially conjoined ends oi' the coracoids. The sternum, 60, is articulated to the post rior 
pail; of the same extremities of the coracoids, and supports a broad “xiphoid” cartilage. 

The proximal end 01 the humerus, 53, is an epiphysis ; tho distal end presents a 
homisphoricfll ball between a small external ridge, and a large internal condyloid 
process, ^he antibrachial bones have coalesced, but an anterior and posterior inden- 
tation at the distal lialf indicates the radius, 65, ahd ulna, 64 ; Hieir distal articular 
cxti‘omities are represented by a single epiphysis. The ulnar portion of the bone 
dexelopcs a sliort and broad olecranon, 0 , Tho bones of the carpal series now receive 
definite nomc^, and ai^^s follows: — (Fig. 12), 's, scaphoid; lunare ; c andjp, cuneo- 
pisiforme ; trapezium ; tr^ trap^oidca ; w, magnum ; «, unciforme — here two distinct 
bones. The first digit, I, has one bone, a metacarpal ; the second digit, TI, has a meta- 
carpal and two phalanges ; the third, IH, tho same ; tho fourth, IV, has a xaetacurpai and 
three pj^alangos ; and the fifth^^ V, the same. « 

Both tho proximat and tho distal extremities of the femur, 05, are in th^condirion 
of , epiphyses. The tibia and fibula are connate, 66 : a longitudinal impression on tho 
front t»aok part of the^es^onded distal end indicates their division, but a >iidngle 
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epiphyeis, partial^ ancliylosed, forma the proximal extremity, fond a aimilar one the 

distal extnimity, of the connato 
bones; they are perforated near 
their middle, from before back- 
wards, by a vascular canal. 'J’hc 
tai*sal boucs are now distinguished 
by names. 

The astragalus, a, and calca- 
nouni) elf Sre much elongated ; the 
fonn^r is slightly bent, the latter 
straight; they havo coalesced at 
their proximal and also at their dis- 
tal cx^mities with each other, and 
with the scaphoid, and cuboid, h, 
bones. Three cuneiform bones, r, ct\ 
remain detached, and immediately 
support th(f tifrec inner toes and a 
caililaginous appendage. The first 
toe, «, and seaond toe, tV, have each 
a metatarsal and ti^'o phalanges ; 
the third toe, m, has a metatarsal 
an^^threo phalanges; tho fourtli 
toe, iv, has a met&Aarsal and four 
phalange* ; the fifth too, v, a me- 
tatarsal and throe^phalanges. Tho 
great length and strength of the 
pdvic arch, and its appendages, 
the hind-limbs, give the frog the * 
power of executing the long leaps 
for which it is proverbial. 

^ All the batraehia i^resent tlfis 
structure in common with fishes, 
viz., that the ribs of the trunk, 
when present, are free, consist only 
of “ pleurapophyses,’* and do not 
encompass tho thoracic-2|pdominal 
cavity. The absence of unyielding 
osseous girdles at this part seenss 
to relate to a peculiarity ^f their 
generation^ yiz., tho almost simfil- 
tanoous ripening o& the sperm- 
C(flls ^nd ova, causing a great and 
sudden distension of tho abdomen 
at tho breeding period. 

Osteology of the Ophidia, 
/>x SexpesJ Tiibe. — There arc 
certain tropical land hatipcJiia— the 
FigJ '^S.'^iruBTOX or the cobra (ITayd tripudians), Ceellia? e. — ^in which the body is 
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04 long and slender ai^in serpents, includes almost as numerous ver^brse, and is devoid 
of all trace of limbs, r But the osteology of the typical Ophidian reptiles differs from 
that of the batrachians in the more elongated ribs ; in the distinct basi- and super- 
occipitals ; in the supcroccipital forming part of the ear-chamber ; in the basioccipital 
combining with the exoccipital to form a single articular condyle for the atlas ; in the 
ossification of the membranous space between the dongated parictals and the sphenoid; 
in the constant coalescence of the parictals with one another ; in the constant confluence 
of the orbitosphenoids with the frontals, and in the meeting of the orbitosphenoids Jbelow 
the prosencephalon, upon the upper surface of the presphenoid ; in the presence of dis- 
tinct postfrontals, and the attachment therotSi of the ectoptcrygoids, wMcrcby tliey form 
an anterior ^oint of suspension of the lower jaw, through the medium of the pterygoid 
and tympanic bones ; lastly, in tho connation the prcfrontals and lacrymols. 

In studying the psteology of tho head of tho python, as the type of the Ophidian 
Order, by the aid of the following description, the student may compare the disarticu- 
lated skuU, No. 628, with that of tho large skeleton. No. 602, in tlio Museum, Boyal 
College of Surgeons : the bones are ni&nbered as here referred to. 

' Tho basioccipitH,^, subdepressed} broadest anteriorly, subhcxagonal ; smooth 
and concave at the middle above, with a roughssutiiral tract on each side, and a hyp- 
apophysis below, produced into a recurved point. The hinder facet of the basioccipital 
is convex, forming the lower half of the occipitsd condyle, wliich is supported on a short 
peduncular prolongation. The basioccipital unites above and laterally with the 
exoccipitals and aUsphenoide^ and in front with the basisphenoid, upon which it rests 
obliquely, an^it supports the medulla oblongata on its upper smooth surface. 

The exoccipitals, 2, j’*, are very irregular subtriongular bones ; each is produced 
backwards into*a peduncular process, supporting a moiety of the upper half of tlic 
occipital condyle. The outer and fore part of tlic exoccipital expands into tho iiTCgulor 
base of the triangle : it is perforated by a slit for the eighth pair of nerves ; it«articu- 
« latcs below with tho basioccipital ; it is excavated in front to lodge tho petrosal cartilage, 
where it ortioulatcs with the alisphenoid ; it unites above with ^e supcroccipital. The 
Buperoccipital, 3, is of a subrhomhoidal form,«ends a spine from its upper and hinder 
surface, expands laterally into oblong processes, is notched anteriorly, and sends down 
two thin plates from its under surface, bounding on the mesial side the surface for the 
CGrcbcUum, aud by tho outer side forming the inner and upper parts of the aceustic 
cavities. The superoccipital articulates below with the exoccipitals and alisphenoids, and 
in front with the parietal, by which it is overlapped in its whole extent. The occipital 
yertebrapis as if it were sheathed in the expanded posterior outlet of the parietal one 
(Fig. 17)t the centrum resting on the oblique surface of that in front, and the anterior 
b^e of tie neural spin© entering a cavity in and being overlappecb by that of the pre- 
ceding neural spine : the analogy of this kind of emboiteraent” of the occipital in the 
parietal verteWa with the firm interlocking of tho ordinary vertebras of the trunk is very 
interesting : ^-hc end gaJned seems to be, chiefly} an extra protection of the cpencephalon 
->the most important segment t%. life of all the primary divisions of tho cerebro-spinal 
axis. The thickness of its immediately protecting walls (formed by the. basi-, ex-, and 
supcr-occipitals) is equal to that of the same vertebral elements in the human skull, but 
they moreover epmposed^of very firm and ^nse tissue throughout, having no 
diploS : the epenccphalon also derives a further and equally thiak bony covering from 
tU© basisphenoid and tho parictals,* the latter being overlapped by the mastoids, which 
form a third covering to tht cerebellum. 
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The basisphefcoid, 5, and presphenoid, 9, fojm a single bonu, and the chief keel of 
the cranial superstructure. Tho*postcrior articular suifaco luoks obliquely upwards 
!Uid backwards, and supports that of the vertebral centrum behind, as the posterior ball 
of the ordinary vertebrae supports the oblique cup of the succeeding vertebree ; here, 
however, all motion is abrogated bctwc(*n the two vertebra), and the co-adapted sur- 
faces are rough and sutural. The basisphenoid presents a smooth cerebral channel 
above for the mesencephalon, in front of which a decq) depression (sella) sinks abruptly 
•intcwtlio expanded part of the boncy and there bifurcates, each fork forming a short cul- 
de-sac in the substaneo of the bgne. • • 

The alisphenoids, fi, form the anteriof half of the fengstra^ovalis, which is completed 
by the exocciintals ; and in their two large perforations for the i»ostcrior divisions of < 
the fifth pair of nervtjs, as well as in their relative size and position, the alisphenoids 
agree u ith those of tlie frog. Each alisphenoid is a thici^ubo^ml piece, with a tuber- 
cular process oil its under and^latcral part ; it rests upoj the basisphenoid and basi- 
occipital, supjiorts Ibo posterior part of the ])arictal and a portion oj the mastoid, 8, and 
unites anteriorly with t^o descending lateral iifato of the parietal bonc.^ 

Th(i parietal, 7, is a large and long,«syriAictrioal, roof-shaifedTbonc, with a mt*dian 
longitudinal crest along its upi»er sdi’fac^, -where the two originally distinct moieties 
have coalesced. It is naiTowesf posteriorly, where it overlaiis liie superoeciiiitol, and 
isS itself overlapped by the mastoid : fit is convex at its middle part on each side of the 
sagittal spine, and is continued downwards and inwards, to rest immediately upon tho 
basisphenoid. This part of the parietal seems to be foj^ed by an extension of ossifica- 
tion along a memhraDOus space, like that which permanently remains mo in the frog, 
between the alisphenoid and orbitosphenoid : tlic mesenccpkalon and the chief part of 
the (jcrchral lolnis arc protected by Uiis unusually developed spine of fhc mesencephalic 
vcrt(ibra. Tho optic foramina arc conjugational ones, bclw^ecn the anterior border of -, 
the lateral nlato of the parietal and the posterior border of tho corresponding plate of. 
the frontal. • 

The frontals, 11, rest by descending lateral plates, representing connate orbito- 
sphenoids, 12, upon Uic attenuated, poilftod prolongation of the basisphenoid : the uppia* 
siuiace of each frontal is flat, subquadrate, broader than long in tho boa, and fho 
reverse in the python, where the roof the orbit is continued outw’ards by a detached 
suparorbital bon<,‘ ; tlicro is a distinct, oval, articular surface near the anterior median 
angle of each frontal to which the prefrontal is a^ached : the angle itself is slightly 
produced, to form the articular process for the nasal bones. The smooth orbitosphenoid 
plate of tho frontal joins the outer margin of the upper surface of tho frontal a# an acute 
angle ; ^ho inner side of each frontal is deeply excavated for tho prolongation of the 
cerebral lobes, and •the ca^dty is converted into a canal by a median vertical plato^)!^ 
hone at the inner and anterior end of the frontal. Tho frontals join tho^parietals and 
postfrontals behind, and, by the anehylosed orbital plates, tho^ presphenoid below, 4ho 
prefrontals and nasals before, and tl!e supcrorbitals at their lateral ijiargins. The 
orbitosphenoid 3 have their bases extended inwards, arri iqect below the prosencephalon 
and above the«prosphcnoid, as tlie ncurapophyscs of tho atlas meet each other above the 
centrum. Tlie antAior third part of such inwardly-produced base is met by a downward 
production of the mesial margin of The frontal, forming g septun^between the olfactory 
prolongations of the boain, but is not confluent with^the frontal bone : the outer portion 
of the orhitosplionoids ascends obliquely outwards, and is confluent with tho under par^of 
the frontal ; it is smooth externally, and decifly notched posftriorly for tho optic foramen. 
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Tbo post-frontal, IS^ is a moderately long trihedraJ bone, articulated by its cxjiandi d 
cranial end to the frontU and parietal, and bent do#n to rest tipon tbe outer and fore 
angle of the ectoptorygoid. It does not reach that bone in the boa, nor in poisonoii'-’. 
serpents. In both the boa and python it receives the anterior sharp angle of the 
parietal in a notch. 

The natural segment ^\hich tormiiintcs the cranium anteriorly, and is formed by the 
vomerine, prefrontal, and nasal bones, is very distinct in the ophidians. 

Til" \omer, 13, is divided, as in salamandroid lilacs and batrachians, but is edentu- 
lous ; each half is a long, nat'row plate, sinobth and ctrivcx below, eoncavc above', with 
the ifuicr margin slightly rav'cd ; pointc'd anteriorly, and with two processes, and an 
intervening notch above tlu' base of the pointed end. The profrontals, 14, are connate 
with the laerynials, 73. Tho two hones which* iu< or vono })etvveen the vomerine and 
nasal hones arc the tnfbinal^ 10 ; they arc lient longitudinally outwards in tlie form of 
a semicylinder about tlu! tc^'^mination of tlie olfactt)i*y ?!tTV(*s. 

The spine of th;‘ nasal vertebra is divided symmetrieany, as in tho frog, forming tin; 
nasal hones, they are elongated, bent plates, with the sLorler up])er part arching 
outwards mid downwards, completing tfie olfactory canal above, and with a longer 
. median plate, forming a vertical wall, .appl’od floscly to its fellow, except in front, 

I where tho nasal process of tho premaxillary is received in the interspace' of tlio 
j nasals. * 

j The acoustic capsule remains in great part cartilaginous : tlicru is no detaeilu'd centre 
j of ossification in it ; to whato't tr extent this capsule is ossified, it is l)y a continuous 
j extension froiA the alisphenoid. The sclerotic capsule of the eye is ehit'fiy fibrous, 
j with a thin iniu'r layci*' of cartilage ; the olfactory capsule is in a givat nicasurc 
1 ossified, as above' described. 

I BXaxillary Arch. — The palatine, 20, or first piece of this arch, is a strong, oblong 
j bone, having the inner side of its obtuse anterior end applied to tho ♦^idcs •bf the 
j ^ prefrontah and turbijials, and, near iU posterior end, sending a short, thick proee5ji! 

’ upwards and inwards for ligamentous attachment to th(i laeiymal, and a second 
i similar process outwards as the point of suspension of the maxillary hone. Between 
these processes the palatine is i)erforated, and behind them it terminates in a point. 

Tlic chief part of the maxillary, 21 (Kig. 11), is c in- 
tiniied forwards from its point of suspi nsion, ine?-! a'- 
iug in. depth, and terminating obticsely ; a shorter 
Xn’oeess i.s also, as usual, continued backwards, and 
terminates in a point. Thcj point of suspension of 
the maxillary forms a short, narrow, palatine pro- 
cess. A si^acc occupied by ehVstic ligament inter- 
venes betweeu the maxillary and the premaxillary, 
22, whichis single andsyminolrical, andfinnly wedged 
into the na.sal interspace ; tlic anterior cxpand('d part 
of this small triangulai* hone sft.pi>orts two teeth. Thus the hoii}!' maxillai'y arch is 
interrupted by two ligamentous intervals at the sides of the premaxiUaiy key -bone, in 
functional relation to the pccidiar independent movoT)icnt.s of the maxillary and palatine 
Inmes fb^iredbj'- 6eTpcnt.s dui^ng the act of cngtilfmg their usually large prey. Two 
houei extend backwaials as appendages to the maxillary arch : 5hc is tbe “pterygoicl,” 
2?, fijornthr palatine ; the (jjher tho ectoptcrj’goid, 2o, from llio raaxLIltu y. Tli.- pterj - 
geid is continued from the posterior extremity of the palatine to abut against the 
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end of the tympanic pedicle ; the under part naf the anterior •lialf of the pteiygoid is 
beset with teeth. The cctopterj%oid, 26, ovcrhips the poblei^or end of the niaxillarj^, 
and is articulatod by its jwstcrior-oblitiucly cut end to the outer surface of tiie middle 
cxpand(‘d part of tlw ptcr\^goid. 

SSandibulaz Azch. — The tynipaiiic bone, 28 (Figs. M and 16), is a strong trihedral 
j^cdiclc, articulated by an oblique uj)prr surface to tlie end of the mastoid, and expanded 
traiij^Ycracly below to foiiu the aiitero-postcriorly convex, transvcrst'ly concave, condyle 
for*the lower jaw. Tliis eonsist\ childly of an articular anj a dentaiy, with a fjrnall 
coronoid an(^s])lonial, jjiece. H’he articAar piece cnds*obtuscJy, imruediately l>olun(l 
the condyle; it is a little contracted in front id* it, and gi‘adi*ftlly expands to its middle 
j>art, sends np two sliort ]>roce^.:,es, then suddcjil^j' eoiiinicts and terminates in a point 
wedgiKi into the posterior and ouUt ifoteh of the deniary piece. 'Hie artJeular is deep]}- 
grooved aliove, and ])roduced into a ridgr* belov.', 'I’lic #oi’oiioTtl is a sliort coniprcrfsed 
jdatc ; the j-jdenial is a iongt r*slv'.':tl t jdat.-, ripplii' I to tl**' in.i r side of tlio arliculur 
and denlaiy, and closijjg the groove on the iinjicr hid.* c.f tlie Jatti#-. The outer side of" 
the dent ary oilers a single perforation uear^il^ anterior end, wl^ch ui united to that 
of the (j])posite ramus by elastic; ligamcill. 

By the ahovc-dc scribed modci of tfnioi^of the extremities of the nmxillmy and maU' 
tUhular bones, those on the; riglit side can be drawui a]>art froin*tlioso on fbe left, and 
the mouth can be opened not only vertically, as in other vejtehriite animals, but also 
transversely, as in insects. Viewing tbo bones of tliu moutJi that snxq)ort tcctli in the 
great conslnctiiig weriients, they olFer the appearancc«J# six jaws — four above and two 
below* ; the inner pair of jtnvs above arc formed by the palatine aud flciygoid bonc's, 
the outer pair by the maxillaries, the under pair by tlic imitJdibh s, or “ rami,” as they 
are termed, of the lower jaw. 

Each of these six jaws, moreover, besides the movement j vertically and laterally, 
can bb protruded and retracdod, independently of tho other : hy theso movements the 
boa is enabled to retain and slowiy engulf its prey, which may be nni(;h larger than its 
o’svn body. At the first seiziiro the bead of the prey is held firmly by tho long and shai]i 
rccuiTed tooth of all tho jaws, w'hilst tlie body is crushed by the overlapjiing coils of the 
serpent ; the dcath-struggks having ceased, tho constrictor .slowly uncoils,/uid the head 
of the prey i.s bedewed witli an abundant slimy mucus : one jaw^ is then unfixed, and 
its teeth withdrawn by being pushe d forward, wrhcii they are again infixed, further back 
upon tlic prey ; tlie next jaiv is then unfixed, pi»trud(*d, and reattached; and so with 


the rest in succ(\s.sion — thi.s movement of protraction being almost the only one of which 
they are sugoej)tible w’hilsl stretched apart to tho utmost by the bulk of ^ic animal 


encompassed by thi'm ; thus, by tbeir .successive 
movements, it is Aowly aud spiially introduced 
into the wdde gullet. 

The bones of tho mouth, in the pq^sonous ser- 
pents, have characters distinct from fhosc of the 
constricting serpents. These charactei-s consist 
cliiclly in thb modification of form and attach- 
ments of tho superior maxillary bone (Eig. 16), 
21, which is moveably ailie.ulatctl to the pala- 



tine, cctopterygoid, iflid lacrymal bones ; but chiefly supjiorttd by the latter, wliich 
presents the form of a short, strong, three-sided j^dicle, extending from *tho 
anterior external angle of tho frontal to the anterior and luvper part of tlie maxillary. Tho 
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articular surface of ilic'maxillarj’ is slightly concave, of an oval shape ; the surface arti- 
culating with the ectopttirygoid on the posterior and i/ppcr part of the maxillary is smaller 
and convex. The maxillary bone is pushed forwjird and rotated upon the lacrymal joint 
by the advance of the ectoptoiygoids, which arc associated with the movements of the 
tympanic pedicle of the lower jaw by means of the true pterygoid bones. The pre- 
maxillary bone (Fig. 13), 22, is cdcjntiilous. A single, long, perforated poison-fang is 
anchylosed to the right maxillary, and sometimes two similar fangs, as in the cobra 
figured in Cut 13. TJie, palatine bones have four or^^vc, and the ptc’rygoids from eight' 
to ten small, imperforate, j tomb'd, .and recurved tcjotli^ The frontal boiies are broader 
then they are long ; their are^no superorbitala. A strong ridge is developed from the 
und(;r surface of tlie basisphenoid, and a long and strong recurved hypapophysis from 
that of tho l)asioociT)ital ; those give iiwcrtion to l*ho powerful “ longi-eolli” muscles by 
which tlio downward “trokcj^tf tho h»':id is performed in tho infliittion of tho wound by 
the poison-fangs. * * 

The characterist'es of tho trunk-vcrt'dirm of the ophidian reptiles are as follow : — 
TJie autogenous eleyiepts, excci>t tho j>l 9 urapophyscs (Fig. 1C), coalesco with one 
.another in tluj '^’ertchne of the trunk ; and th^ plcurapopliyscs also become anchylosed 
to the diapoijliyacs in those of tho toil. Tlwe is ho trace of suture btjtweenthc neural 
arch (ti.), «, and ccn!ihim, c. Tho outer substance of the vertebra is compact, with a 
jQ smooth or polished surface. The vcrtebiv) arc “ procoelian •** 

that is, they are articulated together by ball-and-socket joints, 
^ij the soeiii^; being on the fore part of the centrum, where it 

11 * forms a deep cup with its rim sharply defined; the cavity 
looking not dircctiy forwards, but a little downwai*ds, from the 
greater i)r()mmenco of the iii)])cr border; the well-turned pro- 
minent ball terminates the back part of tho centrum rather more 
obliquely, its aspect being backwards and upwards. « Thc^hypa- 
jf /I pophysis, /jy, is dovolopod in diffrrent proportions from differ- 
ont vertebraj, but throughout the greater part of tlie trunk pre- 
sents a considerable sixo in the cobra and crotolus (Figs. 13 
baitTSjw! shorter in the python and boa. A vascular canal 

Iicrfuratos the imder surface of tho centrum, and there arc 
sometimes two or civen three smsUlcr foramina. In the python a large, vertitolly 
oblong, but short diapophysis extends from tho foro part of the side of tho centrum 
obliqueljj backwards ; it is covered by the articular surface} for tho rib, convex length- 
wise, andeconvex vertically at its upper half, but slightly concave at its lower half. 
In tlie rattlesnake the diapophysis devclopes a small, circumscribed, articular tubercle, 
^Z,*for the free? vertebral rib or plcurapophysis, ; a parapophysik, extends down- 
wards and forwards below the level of the cent mm ; the anterior zygapophysis, s, 
seems to be supposed *hy a similar process fipm tho upper end of tho diapophysis. 
The base of the neural arch swells outward from its confluence with the centrum, and 
developcs from each angle n fransverscly-clongntcd zygapophysis ; that from the 
anterior angle looking upwards, that from tho posterior angle downward^, both surfaces 
being flat, and jdrnost horizontal, as in the batrachians. Tho neural canal is narrow ; 
the nci&al spj^nc, isfof moderate height, about equal to its antero-postcrior extent; 
it is compressed and Arui:^'ato. A wedge-sb.'iped process (the ^“zygospheno”), aw, is 
developed from the fore pai^ of tho base of the spine ; tin; lower apex of the wedge being, 
as 'it were, cut off, and its sloping sides i)resenting two smooth, flat, articular surfaces. 



VERTEBBiK OF SERPENTS. 


197 


I ? 

This wodgc is Aceivcd into a cavity (the “ sygantruiu*’) csuavated in the i)osterior 
expansion of tho neural arch, anA having two smooth articuVir surfaces to which the 
zygosphenal surfaces aro adapted. 

Thus the V 0 rt(d)Ko of scri)Gnts articulate with each other by eight joints in 
addition to tliosc of tlio cup and ball on the centriuu ; and interlock by parts reci- 
procally receiving and entering one another, like th(j joints called tonon-and-mortioc in 
carpentry. In the caudal verteliroe, the hypapophysis is double, the transition being 
• effected by its progre.s3ive bifu^ation in tlie posterior abdominal vortebne. Tho 
diapophyses Ijoeomo much longy in tho Aiudal vertebrja and support in tho anterior 
ones short ribs which usually become an^hylosed to thc;^ extremities. 

The pleurapophysos or vertebral ribs in stn'XiCuts have an oblong articular surface, 
concave above and almost flat bcl(jw #n the i)ython, with a tubercle developed from the 
upper part, and a rough suiface excavated on the fore pag; of t}*c expanded head for the 
insertion of the prccostal ligamffnt. They have a largo medullary cavity, with dense 
but thin walls, and a fine cancdlous strueluru at their articular ends. Tlieir lower 
end supports a short castilaginous htnmapoiiliysis, which is attached to tho broad and 
stiif abdominsil scute. These scutes, <altcftiuiely raised and depressed by muscles 
attaclicd to the ribs and integuinent,%id yi tb(‘ gliding movomonts of serpents ; and the 
ribs, like the legs in the contipeTlo, subserve locomotion ; but th'^y have also accessory 
functions in relation to breathing and constriction. The anterior ribs in the cobrti (Fig. 

13), ply arc unusually long, and art? slightly bent ; they can be fohh'd back one upon 
another, and can ho diuwu ft)rwanl, or erected, when jjyiy sustain a fold of integument, 
l)eculiarly coloured in some species — c.y., the spectacled cobra — and wliich has the clTect 
of making this venomous sindco more conspicuous at the nnwient u'hen it i.s about to 
inflict its deadly bite. The ribs conimenco in the cobra, as i]i otlftr serpents, at tho 
third vertebra from the hcml. 

The centrum of tho first vertebra coalesces with that of the second, and its place is 
taken by an autogenous hypapopliy.sis : this, in th(! pylh(m, is articulated by suture t* 
the neurapophysos ; it also presents a c»mcavo articular suifaeo anteriorly for tho lower 
part of the basioecipital tubercle, and ft similar surfuee behind for the detached central 
I)art of the body of the atlas, or “ odoutoid process of the axis.” The base of each 
neiirapophysis has an autero-intcmal articular surfae.o for the cxoceipital 'tubercle, tlie 
mifldlc one for the liypa[)oi)hysis. and a postero-internal surface for the* upper and lateral 
parts of tho odontoid ; they thus rest on both the separated parts of their proper cen- 
trum. The neurapophysos expand and arch over the neural canal, but meet without j« 
coalescing. There i no neural spine. Eacli neiirapophysis developcs froiniits upper 
and hmder border a short zygapophysis, and from its side a still shorter dinpophysis. 

In the second vertebra, the odontoid presents a convex tubercle anteriorly, which Jills 
up tho articular cavity in the atlas for the occipital tubcrolc ; below this Ls tjio surface 
for the hypapophysial part of the atlas, and above and behind it are the two surfaces 
for tho atlantal nemupophyses. ftie wliole x>osterior siu'laodf of odontoid is 
anchylosed to the proper centrum of tho axis, afid^ in part to its hypapophysis. 

Tho neural ^ch of the axis developcs a short riblcss diapophysis from each side 
of its base ; a thSek sub-bifid zygapophysis from each side of tho posterior margin ; 
and a moderately long bent-bacl? spifie from its up^or part^ The centrujn termi- 
nates in a hall beliind, and below this sends downwards and backwards a long 
hypapophysis. * • * , 

At the opposite extreme of the elongated body, t^o or throe mudi simplified 
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vcrtebrto aro usually foi&nd blended togp^ther. In true serpents the& axe no scapu- 
lar arch and appenda^ls, no stomura, no sacr:iii#j but a pair of slender bones, 
often supporting, a second bone, armed with a claw, aro found suspended on the flesh 
1 near the vent. The exposed parts of tJiesc appendages arc called “ anal hooks tlio 
I parts themselves, like the similarly suspended ventral tins of the pike, arc nidimerits of j 
! hind limbs. ♦ | 

1 Serpents have been regarded as animals degraded I'rom a higher type ; but their f 
I whole organization, and esij.'eially their bony striiel^re, demonstrate that their parts ' 

I are as exciuisitcly adjusteef to the form of thoi^ whole, to their habits ^d sphere of 

life, us Ls the organization yf a»^' animal which* we eail superior to tlicm. It is ti’UO 
j that the scrpmit hns no Innlv^, \ et it can outclimb the monkey, outsudm the fish, outU'ap 
the jerboa, and, suddi'iily looking the (dose coils of ifs cyouehing spind, it can spring into 
the air and 8oiz(5 the birtl up(i^ tiro wing : all thcsi' creatures have been observed to fall 
its prey. The Rtiri)cnt has i^'il her bands nor talons, yeP it can oiitwn'stle the athlete 
and crush the tiger jn lire embrace ot jts j)ondorous overlap] nng folds. Instead of 
licking up its ibo^ as it glides along, the serpent uplifts its crushed prey, and presents 
it, grasped in tlie dentl5-(*oil as in a hand, its ftliiny gai»ing month. 

It is truly wonderfid to vS<‘C the vrork of h^ndsf feet, and tins performed by a modi- 
fication <jf the vertebral column— by a luidtipliealion *of its se gments with mobility 
of its ribs. But thc' vertebral aro sipeeially modilfed, as we have seen, to comx)ensatc, 
by thc strenj^h of their numcTous aiticudalions, for the weakness of their nnmifold 
rox)Ctilion, and th(i eonacquentfr’jiongation of the slender column. As serpents niovo 
chiefiy on the slrfueo of the earth, their daiig^T is greatest from iwesfure and blows 
fimn above; all the j(dntn*nre fashioned accordingly to resist yielding, and sustain 
proBsiuo ill a vc'rtical div<ictiou ; there is no natural undulation of the body upwards 
and (lomiwai’ds — i.-. iJcrrniUed oidy fnun side to rfdo. So closely .and compactly do 
the ten pairs of joints between each of the two Jnindrcd or tlireo Imndrcd vci’tcbrfc fit 
ttigolher, that even in thc relax<Ml and dead state the body cannot bo twisted cxcejit in 
a series of side coils. In the construction of thc skull, which has merited a doscrix>tion 
in sfnno detail, and well dtjscrves u close study, tlib tliicknoss anil density of the cranial ' 
lionet must strike th<^ mind as a special jirovision against fracture and injuiy to tho : 
brain. Wlicn we coutomplalc thc still more romaikablo manner in which these btmea 
mxj applied, one over another, tho suxicrocci- 
pital (Fig. 17), 3, overlapping the cxocc^ipital, 4, 

• and thc parietal, 7, overlap])ing thc .superocci- 
pitnl, — the •natural segments or vcrtr bne of the 
cranium being shentln’d, one within the other, 
like, the corresponding segments in tho trunk, 

—we cannot but^diacem a special adax»tation in 
thc structure of serpents to their commonly 
X)ronc position, f nd a provision, exemplified in 
such structure, of thc dangers Jto Sr^hich they 
would be subject from fulling IkkUcs and tlio tread of heavy beasts. ‘Many other 
equally bcjautiful instances of design might be cited from tho organiz’ation of serpents, 
in relatimp to tho noccssjjiios of t^r apodal veitniforni character ; just as thc simke-liko 
eel is oompensatod by analogous mo^difleations amongst fi.shes, anfi thc snakc-like cen- 
tiped'3 among^insects. * 

fttUologgr of Xiziiadi.^Tho transition from the ophidian, or snake-like, to tho 
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lacertian, or lizarA-liko rcptiloa, is very graduaUaiid easy, if w«j puss from tlio scjrpents 
with lixed j^wn aiid a scapiilai itrcb — as, e. < 7 ., the alow-wor^is to the ser- 

pentiform lizards with mere rudiments of liiitba — as, e. the pseudopu^. The distinc- 
tion is eifected thrtjpgh the cstablisluacnt of a costal arch in the tvunlc, ccmipleted by 
the addition of a hmmal spine (btcniam) and hmmapophyses (sternal ribs) tothopleur- 
apophyscs or vertebral ribs, which are alone ossified in (>i>hidia. 

The verh'brio of tlie tnink have the same procadian character, i.e. with llu ..\ip 
hntL'rior and the ball behind ; th^^^lattcr b.doj* usuttlly l(‘ss prominent, more oblhpie, j 
;ind iiiorii traijsvorsely oval thaij in serijcifts. Tlie vertebra) idso are commonly lai'ger, ! 
and always fewer in number than in typical opliidbi^ The ribs do not bt'giii to be ! 
i tieveloped so near the head in lizards. \ot only the atlas and dentata, biit*;oTiU‘tiines, 
as in the monitor {vitranm)y the fopv l^>Ilo\viiig vertebra) are (h'void of pleurapopbyses , 
mal when these lirst ap])ciir they arc short, and soiuotimf^ (as iii ci/olodus) expinded at i 
tijeir c.vtremities. They rapidlf elongate in suoeoeding vortebne, and usually ill the I 
ninth from the liead {r^clodusy u/natta), or tenth {variiuH^y tliijy ^are joined tluough | 
the medium of ossihcdiluoinapopliyses to the stcnium ; two {mranus)y threo (r/cawt'/i;-?, I 
i(juamt)y or four {cyclodttH)^ following Y«rtolft-uf) are similarly (!f>i)l{)leUa1 , and then the 1 
limmapopliyses are cither united bclov^witjfout intervening steniuiu (c/iumckn), or two or j 
i tlirc'c of tiiom are joined by a coiftmou cartilage to the cartilagiuojiis end' of lius sternum. 

'J’lij hsemapopliyacs afterwards i>rojedt freely, and arc reduced to short appendages to 
I the pleurapophyscs. These al&o sliurttm, and sometimes buddenly, as, c.y., after the 
! eighteenth vertebra in the monitors (eamn^Av), in wliie]^ ^he} end at the twenty-eigljth 
I ver|phra, ns they began, viz., in the Ibnn of sliort straight appciithTiged to tlie dia- 
I popliyses. • 

I The hying lizard {Draco voUiis)^ is so calk'd on (iccoimt of the wiifg-like cxi)anbions 
, from the sides of its body, supported, like the hood of the et>))ra, by slender elongated 
ribs. 'In this littlo lizard there arc twenty vertebra) supporting moveable ribs, which 
commence apparently at the fifth. Those of the eighth vertebra finst join the sterniiuj,* 
as do those of Uie ninth and tenth ; the plcura])ophysea of the clcventli vertebra sud- 
denly aetjuire extuemo length ; those 6f the five following vertebra) arc also long and 
slender ; they exteml outwards and backwards, and support the parachute formed*by 
the broad lateral fold of the abdominal iutegumentM. The ideurapophysoa df the sevcii- 
tecifth vertehra become suddenly shorter, and these elements progi’cssivcly diminish 
to the sacrum ; this consists of two vertebra), moj^fied as iu other lizards. There arc 
about fifty caudal vertebra). 

The semi-ossified stcniuxn in the iguana has a median groove and fijBure, and 
readily •separates into two lateral moieties. The long stem of the oi>istcrnum covers 
the outer part of tlA groove, where it represents the keel of the sternum in birds. , 

In the skull of the lizard order wo first meet with a second l)ony^bar, ^verging 
from the maxillary arch backwards, and abutting against the mastoid, and sometunes 
also against the tympanic and po.stfroatal. TJiis bar is called tte “•zygoi|wtic arch it 
usually consists of two bones — the one next the maxillary is the “malar,’' 26, the 
one next tlie ihastoid is the “ squamosal,” 27 ; it assumes a fonn meriting tliat name in 
the tortoise, and first received it, as “ pars squamosa,” in man, where it is not only 
like a great scale, but becomes confiifeut with both the mr^toid an<^ tympanic. Bint, os has 
been before remarked? wo must use the terms invented by onthrojotomists as arbitrary 
signs of the corresponding bones in the lower creation. * . ^ • 

The scapula in the monitor {varanus) is a triangular ^late with a convex base, a 
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coneavo hind border, and a nearly straight front border ; the apex is tiiick and truncate, 
with an oval surface divided into two facets. The hind border forms a part of the 
glenoid cavity ;.the iront one is a rough epiphysial surface, continuous with a similar 
hut narrower tract, extending upon the anterior border, and by^ which the scapula 
articulates with the coracoid. • In the iguanions and scincoids this synchondrosis is 
obliterated, and Uie two hones arc confluent. The hind border of the scapula is nearly 
straighb—the front one sends forwards a process dividing it into two deep marginations. 

The coracoid in both the varanus and iguana short and broad ; its main bedy,' 
which articulates with the sternum, is shaped like an axy*blade, and two strong, straight, 

I compressed processes cxtpnd forwards from its neck, which is perforated between the 
I origins of these processes and the part forming tho glenoid articidations. 

I Tho clavicles are simple sigmoid styles in tho varanus and iguana ; are bent upon 
I themselves, like tho Auttraliap. boomerang, in the cyclodus ; and have the median part of 
1 tho bond expanded and perforated in lacerta and sciiicus. They arc absent in tho 
chameleon. ^ 

Tho sacral ycrtchrac retain, in some lacertians, tho cup-and-ball joints ; and in 
those— c.^., the Bcincoios — ^in which the centrums coalesce, tho hind end of the second 
presents a ball to the iirst caudal — ^not a cup,, /is iu tho crocodile. In tho cyclodus the 
thick, short, straight xi^curapopliyses arc distinct at their origins from the two coalesced 
centrums, but coalesce at their ends, that of the first sacral being the thickest. In 
varanus and iguana tho plcurapophyscs, as well as the centrums, retain their dis- 
tinctness, hut the hinder ribs isujliiie forw'ards and touch tho expanded ends of the fore 
pair. Those ends arc very thick, and are scooped out obliquely behind, so as to pro||nt 
a curved border to the iliuL^, which Cuvier compares to a horse-shoe. 

In tho varanus and iguana the pleurapophyses of tho first caudal incline backwards 
os much as those of the second sacral do forwards. In tho cyclodus they extend 
outwards, parallel with those of tho sacral vertebrm, and are longitudinally grooved 
beneath. lIa3mapophyse3 arc wanting in the first caudal, arc developed in the second, 
and are displaced to tho interval between this and tlio third ; they are confluent at their 
distal end, and produced into a long spine. At tho twelfth tail-vertebra tho line is 
obvious that indicates the extent of the anterior detached piece, or epiphysis, of tho 
centrum, immediately in front of the origin of tho diapophyscs ; it continues marking 
off tlie anterior third of the centrum in all the other caudals. At this line the tail 
snaps off, when a lizard escapes by tl\v common ruse of leaving tho part of the tail by 
^ which it has been seized in the hands of the baffled pursuer. It is a very curious cha- 
racter, and*auito peculiar to the lacertians— this ossification of the centrum finm 
points and tiieir incomplete coalescence : it adds nothing to the power of bendiag, or 
to a^y other action of the tail, but iudicates a- provision of the liabiVity to their being 
caught by their Jong toil, and may bo interpreted os a provision for their escape. The 
neural arch has coalesced^ witli tho centrum throughout the toil : the C2)iphysial linn does 
* not extend through thlit arch ; but its thin and brittle walls soon break, when tho two 
2 >arts of the centrum are forcibl)^ separated. 

Lixards, as is well known, have tho power of reproducing the tail, but tho vertebral 
axis is never ossified in the new-formed part. ' 

OitMlogy of Oiopodilesr'The numerous anh varied forms of fossil bones of 
extinct reptiles derive tnqpt clucidatiop from tho skeleton of the hi^pr organized sauria 
of Gwvier, wl^ch now are rightly held to constiteto a distinct order, called Lorieata or 
Qroooi^ : a more complete {icscriptiou, thercibre, will bo given of the skeleton of 
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a member of this A^lor than was deemed necdfulfiu regard to tSo lacertian group of 
saui'ia. * • l 



Fig. 18.— SKELETON OF THE chocodile {CvoeodititB ftHoticm) , 


Commencing with the trunk, ^tho first tmd second vert Arae of the neck are pecu- 
liarly modified in most air-hreathing vertebrata, and 
Fig. 19. accordingly*rcccived the speciiR names, the one 

of “atlas,** thi other of “ axig.**» lA comparative 
anatomy^ these become arbitrary terms, the properties 
beii^ soon Ibst which suggested tiiose names to the 
human anatomist; the “atlas,** e.g.y has no power of 
rotation upon the “axis,” in the crocodile, and it is only 
in the upright skeleton of man that the large globular 
head is sustained upon tlfo shouldcr-likc^ . processes of 
the “ atlas.*' In the crocodile, these vertebra) are con- 
ATLAs coaled by the peculiaid)’^ prolonged ang^o of the lower 

jaw in the side view of the skeleton (Fig. 18), and a 
figure ^f the two vertebra) is therefore subjoined (Fig. 19). The ideurapophyscs, 
plj ore retained in both segments, as in all the other vertebra) of the tmiik. That of , 
the atlas, pl^ a, is a simple slender style, articulated by tlxe head only, to the “ hypapo- 
physis,** ahy. The neuinpophyses, «a, (jf the atlas retain their primitive distinctness ; 
cacli rests in part upon the ixroper body of the atlas, ca, in part upon the hypapophys^. 
The neural spine, a, is also hero an independent part, and rests upon •the upper 
cxtreqiitics of the neurapophysea. It is broad and flat, and prepares us for the further 
metamorphosis of the corresponding clement in the cranial vertebra;. 

The centrum of the atlas, ca, called the “ odontfiid process of the axis** in human 
anatomy, here supports the abnormally-advanced rib of tho axis vertebra, pt^ The 
proper centrum of the axis vertebra, ca;, is the only one in the ccr\'ical scries which 
does not Support a rjb; it articulates by suture with its ncurapoixhyscs, nx^ and is 
diaracterizcd by having its anterior surface flat, and its posterior one convex. * 

With tho exception of the two sacral vertebrae, the bodies of which hdve cJhe arti- 
cular surface flat and the other concavcJ) and of tlie first caudid*vc|ftebra, the body of 
which has both articular surfaces convex, the bodies of^all the vertebrae beyond the axis 
have tho anteiiqr articular surface concave, and the posterior one convex, and articulate 
with one another by ball-and-socket joints. This type of vertebra, which I have 
termed ‘‘ procoslian*' (k^os, before, •koiXos, concave), characterizes all tho existing 
genera and species of Jhe order Croeodilia with all the (fxtinct sPspies of the tertiary 
periods, and also two extinct species of the grccnisand fc^mation in New Jersey.* 

• * 

• “ Quarterly Journal of the Geological Society,*' November, 1649. 
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Here, BO far as oiirprdbcntlaiowledge ‘extends, the type was lost, anti other dispositions 
of tluj ju ticular surfiicus of the eontrum occur in <Aic vcrtcibrEc of the crocodilui of the 
oldei sccoiidaTTi foruiations. Tlic only known crocodilian genus of tlic periods ante- 
C(‘(]t'iit to the chalk and green-sand deposits with vci-tchroo ar,Hculatcd together by 
ball-and-socket joints, have tkie ]iosition of the cup and tlie ball tlie reverse of that in 
the modem crocodiles, and one genua, thus eharactciized by vertobrte of tlio “ opistlnj- 
Cfrlinu’* type {ovicOosy behind, koiAos, concave), has accordingly been termed streplo- 
si'ondylus, signifying “ vertebra) reversed.” liu^Lho most prevalent typcj of veutobru 
anumgst the crocodilia of tile secondary periods w’fB that in which both articular 
snrfjices of tbo centrum jS’’(Te^concave, but in a less degree than in the single concave 
sii]‘fae(M)f^i]ic ^ertebl\^ united by ball and socket. Vertelmc of this ‘‘ anipbicadian” 
type (a/u</)/, both, koiXos, concave) existed in fiic ^teleosanrns ajid stenco.saunis. In 
the ichtiiyosaurus tlioconcj^ve surfaces are usually deepened to the extent and in the 
form shown in those of th(|.lish (Cut 8). 8omc of thohnost gigantic of the ei-ca cjdilia of 
the secondary stri^n had one end of the vertebral centruni llatteiicd, and the other 
i (hinder) end e<^ncavc ; this “ platyciBlian” type (7rAaTi;y, flni,MfcoiAoy, concave) wc find 
in the dorsal and caud^.1 vertebrx of the J^igaittic cctioBaiirus. 

Witli a few^ exceptions, all tlic modertj* rcpbilcs of the order lacertilia have the 
same proendian typoH)f vertebra) as the modem crocoailijg and the same structure pre- 
vailed as far back as the peri* id of the inosasaunfs, and in some smaller nicmhers of the 
lav(*rtiliun ord(T in the cretaceous and wt'aldeu epcelis. 

llernming the special desertion of the osteology of th(' modem crocodilia, we find 
; the procoelian type of centrum established in the third cervical, which is t-hort^lnn, 
i broader than tlio second ;» a parajiophysis is developed from the side of tlic ceiitium, and 
' a (linpo]»hysis froni the base of the neural arch ; the pleurapophysis is shorter, its fixed 
j extremity is bifid, articulating to the two above-nnm«*d processes ; its freo extremity 
[ expands, and its anterior angle is directed forwards to abut against the iuwvr sm'mcc of 
I ' the extremity of the rib of both the axis and atlas, whilst its posterior prolongation 
I ovcrlajK the rib of Uie fourth vertebra. Tho same general characters and imbricated 
! coadaptation of the ribs (Fig. 18), jo/, characterize the siicci-eding cervical vertebra) to 
: thb seventh inclusive, the liypnpophysis progressively thoughth slightly increasing in 
size. In tLo eighth cervical the rib becomes elongated and slender; tho anterior angle 
; is almost or quite suppressed, and the posterior one more developed and produced inore 
I downw'ards, so as to form tho body tho rib, which terminates, however, in a free point. 

* I In tho nintli cervical, the rib is increased in length, hut is still what would be termed a 
I “ false” ^ “ floating rib ” in anthropotomy. 

In the succeeding vertebra the pleurapophysis articulates witli a limmapophysis, 
and tho hmmol arch is completed by a haemal spine ; and by tills completion of tho 
; typical sfigme^^t wo distinguisli the commencement of tho series of dorsal vertebne (t^.), D. 
With regard to the so-p^led “ perforation of tho^ ti-onsvcrsc process” this equally exists 
in the prosenlwvortebra, os in the cervicols ; on the other hand, the cervical vortebr® 
equally show surfaces for the /irthjulatiou of ribs. Tlio typical characters of tho seg- 
ment, due to tho completion of both neural and hoomol orches, are continued in some 
species, of crocodilia to the sixteenth, in some (crocMus acuius)* to the eighteenth 
voftobrfc. In tho ero^n^ilm aottus and tho alUffntor lucim tho haomapophj^sis of the 
eighth dorsal rib (soVcptccnth sGgiqiciit fiDm the head) joins thatSif tho antecedent ver- 
tebra. Thp pleurapophyses project freely outwards, and become ‘‘ floating ribs” in the 
eighteenth, ninctoenth, ondWentieth vertebrse, in which they become rapidly shorter. 
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and in the last appeSr os more appendages to tho end of tho long aiSd hroad diapophyscs : 
but tho has’.nnpopliy.eo'i bv no means disappear after tho solutior# of their union with 
t}ioir pluurapophysiift ; they are essentially indopeiident elements of tho#segment, and 
they are continued, therefore, in pnim along the ventral surface of the abdomen of the 
crocodilia, as far as their modified homotypes tho pubic bones. They aio more or less 
(jssified, and arc generally divided into two or thi-ce pieces. 

Tho lumbar vertebra are those in which the diapophyscs cease to support inovoablu 
! pl&urapophysos, although are ^I'longatcd by the coalcscc'd rudiments of such 

which are clistiunt in tho young srocodilm.* The Irngtli sflid persistent intlividuolity 
of more or fewer of those rudimcntal ribs determines tli# nu^iber of tho dorsal and 
lumbar vorlebriu rc'spotitivcly, and cxemplilios tho purely aitilicial chariictSr of tho 
distiiKititin. TIu' number of vertehrsp of pcgments between the skull and the sacrum, 
in all tlie crocodilia 1 have yet examined, is twenty-four. tho skeleton f)!’ a gavial I 
have seen thirteen dorsal and two fiimbar; in that of a erocojilns cataxihractus twelve 
(lorsfd an<l thixic lumbar , in llioso of a erocodihys aeutus anti alligf^^or lucius, eleven 
dtjrsal and fimr lumbar, aixl tliis is tlic nmst common nuniber ; but in tl;c skeleton of 
the crocodile, probably tho species colletf croc. l)ipt>rcatus, dC'Oribed by Cuvier, ho 
gives five as tho number of the lumbar ^eri^ra*. But these vai’it'lies in the develop- 
ment or coalescence of the stunted pleurapophysis are of little essential moment ; and 
only servo to show the artificial eharaefer of tho “dorsal” and “lumbar” vertehruj. 
Tlio e.osilo.;eejujo of tho rib witli tho diapophysis obliterates of course the character of 
tho “ costal articular surfaces,” which we have seen to lv»ouimon to both dorsal and 
cervioiJ vcTtohnc. The lumbar zygapophyscs have their articular surfacel almost hori- ' 
zontal, and the diapophyscs, if not longer, have their antero-p exterior extent somewhat 1 
increas<‘d ; they arc much dcprtJs.sod, or flattened liorizon tally. | 

The sacral vertebne aro very distinctly nuirkcd by the flatness of tho coadapted ends ' 
of their fcntrwns ; there aro never more than tAVo sutdi vertebne in tho crocodilia recent 
or extinct: in the first tlie anterior surface of tlio centrum is concave; in tlxc second 
it is the posterior sm-fhee ; the zygapophyscs arc not obliterated in either of these sacral 
vertebne, so that tho aspects of their artfcular surface— upwards in the anterior pair, 
downw’ards in the posterior pair — (Ictcrinincs at once the coiTcspoiidiiig cxtrcinity of ti 
detached sacral vertebra. Tho tliick and strong transverse processes form another 
characteristic of these vertebra) ; for a long period tho suture hear their base remains to 
show how largo a proxiortion is fonned by tho plcufapophysis. This element articu- 
lates more with tlie centrum than with the diapophysis developed from tho neural arch ; • 

it terminates by a rough, truncate, expanded extremity, which almost or qujfe joins ! 
that of thm similarly but more expanded rib of the otlier sacral vertcbroc. Against these 
extremities is applied a supplementary costal piece, serially linmologous with th» | 
ai)pendagc to the proper pl&urapoiihysis in the dorsal vertebra), but hert', intd^osing ; 
itself between tho plcurapophysos and Jj^ajmapophvises of both iqprul vertebree, not Of . 
one only. This intermediate plciirsipophysinl ai»pondago is called tj^o “ iiium it is j 
short, thick, verj' broad, and subtriangular, tlie lower tAinsated apex fonning with tlic . 
connected cxtroiftities of the hcomapophysis an artieulai* cavity for the diverging append* i 
age, called tho “ hind leg.” The hasmapophysis of the anterior sacral vertebra is called , 
“ pubis,” 64 ; it is modemtcly long and slender, but cxpanicd and ^ttened at its^ower ; 
extremity, which is dint tod forwards towards that of ^ts fellow, anfl^oined to it through, 
tho intermedium of a broad, cartilaginous, hwiual spine, coi^lctiug the hasiRal cano^. j 
The posterior heemapophysis, 63, is broader, aubdepi’cssed, anu subtriangular, expanding > 
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as it approaches its follow to complete' the second haemal arch ; it termed ischium.” 
The great development of all the elements of thcse^oemal arches, and the peculiar and 
distiiictivo forms of those that have tlicreby acquired, from the earliest dawn of anato- 
mical science, special names, relates physiologically to the functions of the diverging 
appendage which is developed into a i)otcnt locomotive member. This limb appertains 
properly, as the proportion contributed by the ischium to tlie articular socket and the 
greater breadth of the plcuraj)oi)hysia show, to the second sacral vertebra ; to which the 
i’ium chiefly belongs. ^ 

The first caudal vertebra, which presents a ballpfor articulating ■with a cui3 on the 
back part of the last sacral, jeetains, nevertheless, the typical position of the hall on the 
back part of the centrum ; it is thus biconvex, and the only vertebra of the series 
which presents that structure. , 

The first caudal vertebra, moreover, is distinguished from the rest by having no 
articular surfaces for the brnmapophyses, which in thdr succeeding caudals form a hasmal 
art;h, like the nc\Lrapophyscs above, aii;iculating directly with the centrum. The 
arch so formud has its base not applied over the iniddlc of a single centrum, but, Uko 
the neural arch in the' back of the tortoi&e and sacrum of the bird, across the inters2)acc 
between two (joiitrums. The first hscmol, arch’ of the tail belongs, however, U) the 
second caudal vertebra, but it is disidaced a little backwards from its typical position. 

The caudal hocmapophyscs, h /<, coalesce at Iheir lower or distal ends, from wliich a 
spinous process is prolonged down'wards and hackw'ards; this grows shorter towards 
the end of the tail, hut is cowpressed and somewhat expanded aiitero-postenorly. The 
hmmal arch srt constituted has received the name of “ chovi-oii bone.” ^ 

It is very true, as Ouvier said in the last Icctoe ho delivt^red, “ if vro wore agreed 
as to the crocodile’s head, we should he so as to that of other animals ; hoeauso the 
crocodile is intermediate between mammals, birds, and fishes.” Accordingly, the follow- 
ing description of the crocodile’s skull is coextensive with that of the lish»j if the 
answerable bones arc rightly determined between these, their correspondence with 
those of other vertebrates will he facilitated. The difficulties in couix^rchciidiiig the 
nature of some of the hones of the crocodile’^ head have arisen through passing to its 
comparison from that of the mammal’s skull — ^by desetmding instead of ascending to it. 

The segments composing the skull arc more modified than those of the pelvis ; but 
just as the vertebred pattern is best preserved in the neural arches of Uie pelvis, which 
arc called collectively sacnim,” si^, also, is it in the same arches of the skull, which 
are called collectively “ cranium. The elements of which these cranial arches arc 
composelt preserve, moreover, their primitive or normal individuality more completely 
thfLTi in any of the vertebra) of the trunk, except the atlas, and consequ^tly the 
archetypal character can be more completely demonstrated.* ' 

If, after separating the atlas from the occiput, we proceed to detach the occipital 
segment of the craniuip/rom the next segment in advance, we find the detached segment 
presenting tho form and stru(jturu of the neural arch. The “centrum” presents, like 
those of the trunk, a convexity efe* ball at its posterior articular surface, hut its anterior 
one, like the hindmost centrum of the sacrum, unites with the next centrum in advance 
by a fiat rough “ sutural ” surface. Like most of tho centrums in the neck and begin- 
ning df the back, t^<t of that occiput dcvelopos k hypapophyals} but this descending 


The skcll of tbo crocodil^ partially disarticulatod, and with the bones numbered as in the 
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process is longer dlid larger, its base extending orer the whole cf the under surface of '' 
the centnim. It is a character wlferoby the occipital centrum |)f a crocodilian reptilo 
may be distinguished from that of a laccrtianbne ; for in the la^r a pcjjr of diverging 
hypapophysca project /rom the under surface, as is shown in most recent lizards and in 
the great extinct mosasaunis. 

The upper and lateral pails of No. 1 present rough sutural surfaces, like those in > 
the c(mtrums of the trunk, for articulating with the “ neurapophyscs,'* Nos. 2, 2, 
whiclf dcvclopc short, thick, obtuftc, transverse processes, 4, 4. The modified or 
specialized chai^clcr of the clemciitsof the dranial vertebrae has'gained for them special 
names. The centrum, 1, is called, as in^shes and all gther^ vertebrates, the “ basi- 1 
occipital y* the nciirapophyses, 2, 2, fire the “ cxoccipitols the neural spinc^ 3, is the i 
supcroccipitaJ.” The transverse jjrodbsscs, 4, 4, which may combine botli^diapophysea j 
and parapophyses, arc called the “ paroccipitals they are jicvcivdetachod hones in the \ 
crocodilia, as they are in the chtflonia and in most fishes. ^ The cxoccipitals perform i 
the usual functions of nciirapophyses, and, like those of the atlas, meet above the neural 
canal ; tliey ore perforated to give exit to the vagal and hypoglossal nerves, and protect 
the sides of the nicduUa oblongata and c«rebdllum— the two di^isfons of the cpence- 
phalon. The supcroecipital, 3, is hrdl,d njid flat, like tlic similarly detached neural 
spine of the atlas ; it advances a tittle forwards, beyond its sustaining nOurapophyses, 
to protect the upper surface of the cerebellum ; it is traversed by tympanic air-cells, 
and assists with the cxoccipitals, 2, 2, in the formation of the chamber for the internal 
car. • • 

The chief modification of the occipital segment of the skull, as compared with that 
of the osseous fish, or with the typical vertebra, is the abseneo of an attached hromal 
arch. We shall afterwards see that this arch is present in the crdbodilc, although 
displaced hackw^ords. 

Probcediiig with the neural arches of the crocodile’s skull, if wo dislocate tho 
segment in advance of the occiput, wo bring away, in connection with the long base- • 
bone, 5, the bone, 9, which in the figure of the section of the serpent’s skull (Cut 17) 
is shown similaiiy united to 5. In fact, tho centrums of the vertehrm have here coalesced, 
as wo find to happen in the neck of tho siluroid fishes, and in the saenim of birds and 
mammals. The two connate cranial centrums must he artificially divided, ^n order to 
obtain the segments distinct to which they belong. The hinder portion, 5, of the great 
base-bone, which is the rjcntrum of the parietal veijehra, is called “ hasisphenoid.” It 
supports that part of the “ mesencephalon,” which is formed by tho lobe of the third 
ventricle, and its upper surface is excavated for tho pituitary prolongatioit of that 
cavity. •The hasisphenoid dcvolopes from its under surface a “ hypapophysis,” which 
is Buturally united Vith tho fore part of that of the basioccipital, but extends further 
down, and is similarly united in front to the “ pterygoids,” 24. These jrougjji sutural 
sxirfaccs of the long descending proct^s of tho hasisphenoid iu:c very characteristic of 
that centrum, when detached, in a fossil state. The ncurapophyse^ of thf parietal ver- 
tebra, 6, G, or the alisphcnoids,” protect the sides of tlJb n^csenccphalon, and are notched 
at their anterior margin, for a conjugational foramen transmitting the trigeminal nerve. 

As accessory functions they contribute, like the corresponding bones in fishes, to the 
formation of the ear-chamber. They have, however, % little r^ograded in position, 
resting below in partfupon the occipital centrum, ^d supporti^^noro of the spine of 
that segment, 3, than of their own, 7. The spine of the parietal vcrtehijji is a per- 
manently distinct, single, depressed bone, like that of tho oScipital vertebra ; it is called 
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the “parielal," ood fcomplctcs the neural as its crown or key^ijone ; it is partially | 
excavated by the tynyponic air-cells, and ovcrl*iX)aithe suporoccipital. Tlio bones, 8, 8. I 
wedged between 6 and 7, maaife.^t mdte of their diapophysial character than their | 
homotypoB, 4,4, do in the occipital segment, einco they sui^port modified ribs, are j 
dcvcloi)od from independent centres, and i>rebervc their individuality. They form no ! 
port of the inner walls of tlio cranium, but send outwards and backwards a strong 
transverse xiroccsa for muscular attachment. l‘hcy aftbrd a ligamentous attachment to | 
the liDomal arch of Ihoir own segment, and articulate largely with the phrirapo- ; 
I'hyscs, 28, of the antoecAont hamial ardh, whoso^moro hackw'aid dis])laccmcnt, in 
comparison with its pog^tio^in the fish's skhll, is wc‘ll illustrated in the metamorphosis 
of the to«.d and frog. 

On rcnip^dng the neural arch of the parietd vertebra, after the section of its 
conftuoiit centrum, t?io cl^nonts of the corresponding areii of tlic frontal vertebra j 
I present the same arrangciuent. Tlie compressed prod<iced ceiitruin haa its form modified 
I like that of the vjitcbral centrums at the opposite extreme of the bo<ly in many birds ; ’ 
j it is called the ‘‘presphenoid.’* Tho*ncurn])ophyses, 10, 1 0* articulate with the upi)cr . 
part of 9 ; they ar^ expanded, and smoofnly excavated on their inner surface to siipport 
the sides of the largo prosencephalon ; tli^ di{.miss the groat optic nerves by a notch, j 
They show the same tendency to a retrograde chailge of position as the neighbouring 
neurapophyscs, 6 ; for though they support a greater luoiiortioii of thcii* proper spine, 11, 
they also support part of the parietal spine, 7) and rest, in part, below upon the x)arictal 
centrum, 5; tlie nfurapophjfjtjjjs, 10,30, are called “ orbitosphenoids.” Ulic neural 
spine, 11, of the frontal vertebra retains its normal characlc'r as a single symmetrical 
bone, like the parietal spine which it partly overlaps ; it also completes the neural arch 
of its ovTi segAient, but is remarkably cxtencl(‘d longitudinally forwards, where it is 
I much tliickeued, and assists in forming the cavities for tho eye-balls ; it is called the 
“frontal” bone. , • 

In contemplating in the skull itself, or such side vievr as is given in Fig. 9, p. 22, 
of my work on the Archetype Skeleton, the relative position of tho frontal, 11, to 
tho parietal, 7, and of this to tlio supcroAdpital, 3, which is overlapped by the 
pltrietol, just as itself overlaps the llattciicd sxune of tho atlas, we gain a con- 
viction which cannot bo shaken by any diifercnce in their mode of ossification, 
by their median bipartition, or by their extreme expansion in other animals, that the ! 
above-named single, median, imb^catod bones, each completing its neural arch, and ! 

* permanently distinct from tho pica's of such arch, must repeat tlie same element in 
those suocesaivo arches^-in other words, must be “homot>'pes,’* or serially homologous. 

In like manner the serial homology of those piers, called “neurapopliysos,”,.Yi 2 ., the 
l^minse of the atlas, tho exoccipitals, the alisphcnoids, and tbw orbitosphenoids, is 
equally, unn^takablo. Nor can wo shut out of view tho same serial relationship of 
the poroccipitals, as coaloeccd diaphophyscs of the occipital vertebra, "with the mastoids 
8, and the postfrobtals, 12, as permanently detached diapophyses of their respective 
vertebra'. All stand out fronj tlw sides of the cranium, os trauverse processes for mus- 
cular attachment ^ all are alike autogenous in tho turtles ; and all of them, m fishes, offer 
articular surfecos for the ribs or hmmal arches of their respective Vertebrae j and these 
charaotors ore retail^ inlihe^ostirontals as well Us in tho mastoids of tlie rrocodilos. 

Tho frontal dia|Io^hysis, 12, is^wedged between tho back pait of the spine, 11, and 
the nenra]^ophysis, 10 ; it5 outwardly projecting process extends also backwards, and 
joins that of the sucoeodin^ diapophysis, 8 ; but, notwithstanding tho retrogradation of 
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the isfcuior arch. It still articulates part oi its own pleuraljopbysial element^ 2^, | 
which forms the proximal element that arch, ^ ) 

There finally remain in the cranium of the crocodile, after the successive detach- I 
ment of the forogoinc arches, tha bones terminating the fore-part of the skull ; but, ! 
notwithstanding tlie extreme degree of modification to which their extreme position | 
subjects them, wo con still traco in their arrangement a correspondence with the ver- 
tebrate typo. 

• .A.long and slender symmetrical grooved bone, 13, botwocn 24 and 24, like the ossified 
inferior half of the capsule of t^e iiotocbdrd, is continued forwards from the inferior 
part of the centrum, 9, of the fixintal vorfibbra, and stnne^ in Qie relation of n conlriim ' 
to the vertical plates of bone, 14, which expand us they rise into a broad, tidclc, ti’ian- ; 
guloi' plate, with an exposed Hbrizontab superior surface. These bones, which arc called ! 

“ prcfojitals,” stand in the relation of “neurapoi)hyscs”^to th« rhinenccphalic pro- i 
longations of the brain commonl}*but erroneously called olfactory nerves and thc}' ! 
form the piers or haunches of a neural aix'h, which is completed above by a ijair of 
symmetrical bones, 16, called nasals,’* which *1 rcgoi'd as a divided or bifid neural 
spine. • • • • 

The centrum of this arch is estdblisl^cd by ossification in the expundt'd anterior 
prolongation of the fibrous capsfllu of the notochord, beyond the termination of its 
gelatinous axis. The median porti(fti above specified relams most of tlie foimal 
ebaraeters of the centrum ; but there is a pair of long, slender, synmictricol ossicles, 
w'bicb, from tlic scat of their original development, ai\^tlioir relative position to the 
neural arch, must be regarded as also parts of its centrum. And this ossification of the | 
element in question from different centres will be no now or strange character to those ; 
who recollect that the vertebral body in man end mamranlia is developed from tbr(‘c ; 
centres. The term ** vomer” is ai)plicd to the jjair of bones, 13, because their special j 
homology w^b the singlo median bone, so called in fishes and mammals, is indisputable ; j 
but a portion of tlie same element of tlie skull retains its single symmetrical character • 
in the crocodile^ and is connate with the enormous pterygoids, 24, between which it is 
wedged. In some alligators {all, divided anterior vomer extends far forwards, 

expands antcriorlj*^, and appears upon the bony palate. • 

Almost all the other bones of the head of the crocodile are adjusted so as constitute 
four inverted arches. These ore tlie hecmal arches of the four segments or vertchrm, of 
which the neural arches have been just described, put they have been the scat of much 
gieater modifications, by which they are made subservient to a variety of functions j • 
unknown in the hocmal ai’chcs of the rest of the body. Thus the two antciisr hnemal 
arches of the head peifum the office of seizing and bruising the food ; are aimed for 
that purpose with tfeth : and, whilst one arch is firmly fixed, the other worlcs upon, it 
like the hammer upon the anvil. The elements of the fixed arch, called ” jpaxilLaiy 
arch,” have accordingly undergone the greatest amount of morphological change^ in 
order to adapt that arch to its share in mastication, os well as for*formii?g part of the 
passage for the respiratory medium, which is pcrpctimlly traversing this hscmol canal 
in its way to pliriiy the blood. Almost the whole of the upper surface of the maxillaiy 
arch is firmly unit(?d to contiguous parts of the skull by rough or sutural surfaces, and 
its strength is increased by bony appendages, which ^verge fmm it to alut^against 
other parts of the skull. Comparative anatomy teaches tliat, ofjnfe numerous places of 
attachment, the one which connects Ihc maxillary aich bjr its element, ‘Jti, with ihc 
contnim, 13, and tlio descending plates of the nemnpophylbs, 14, of the nasal segment, 
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is tho nonnol or thb most constant point of its suspension, thotil)one, 20, being the 
pleui apophysial element of the maxillary arch itris called the ** palatine,’* because the 
under surface /orms a portion of the bohy roof of the mouth, called tho “ palate.** It 
is articulated at its fore part with the bone, 21, in tho same plg.tcs, which bone is the 
htemapophyeial element of the maxillary arch : it is called the ** moxillary,** and is 
greatly developed both in length and breadth ; it is connected not only with 20 behind, 
and 22 in front, which are parts of the some arch, and with the diverging appcndagles 
of tho arch, viz., 26, tho malar bone, and 24, the pterygoid, but -also with the aasals, 
16, and the lacrymal,*16, as well as with^^its fcfio^ of the opposite side of the arch. 
The smooth, expanded ^hori|fontal plate, wHich effects the latter junction, is called the 
palatal pjatc of tho maxillary ; tho thickened external border, whero this plate meets 
the external rough surface of the bone, and which ^ is pefforated for the lodgment of the 
tfcctli, is tho “alveolar border** or “process** of the maxillary. The haemal spine or 
key-bone of the arch, 22, is bifid, and the arch is completed by the symphysial junction 
of the two symmetrical halves ; these halves arc called “ premaxillary bones :** these 
bones, like the maxillarics, have a rou^h facial plate, and a smooth palatal plate, witli 
the connecting alvdolilr border. The mc^ianesymphysis is perforated vertically through 
both plates ; the outer or upper hole being j^ho OLitomal nostril, the under or palatal one t 
being the prcpalatal or naso-palatal aperture. 

Both the palatine and tho maxiUary bones send outwards and backwards parts 
or processes which diverge from the line of tho heemal arch, of which they are the 
chief elements; and these give attachment to distinct bones which form tho 

“diverging appendages’* of ^e arch, and servo to attach it, as do tho diverging 
appendages of the thoraaic haemal arches in tho bird, to the succeeding arch. 

The appendage, 24, colled “ pterygoid,** effects a more extensive attachment, and is 
peculiarly developed in the crocodilia. As it extends backwards it expands, unites 
with its fellow below the nasal canal, and encompassing that canal, coalesces above it 
with the vomer, and is firmly attached by suturo to tho presphenoid and basisphenoid : 
it surrounds the hinder or palatal nostril, and, extending outwards, it gives attachment 
to a second bone, 25, called “ cctoptorygoid,*** which is firmly Connected with tho 
maxillary, 25, the malar, 26, and tho post-frontal, 12. Tho second diverging ray is of 
great strefigth; it extends from the maxillary, 21 (“hssmapophysis” of the maxillary 
arch), to the tympanic, 28 (“ pleurapophyses” of the mandibular arch), and is d^'/ided 
into two pieces, the malar, 26, and^the squamosal, 27. Such are tho chief crocodilian 
modifiations of the haemal arch, and appendages of the apterior or nasal vertebra of 
the skuUL 

Tho luomal arch of the frontal vertebra is somewhat less metamorphosed, and has no 
^verging appendage. It is slightly displaced backw^ards, and is Articulated by only a 
small proportion of its pleurapophysis, 28, to the parapophysis, 12, of its own segment ; 
the major part of that ihort and strong rib f^culating with the parapophysis, 8, of the 
succeeding SQgmcnti Ihe bone, 28, called “tympanic,” because it serves to support 
the “ drum of the ear” in aj;r-breathing vertebrates, is short, strong, and immoveably 
wedged, in the crocodilia, between the parocoipital, 4, mastoid, 8, post-frontal, 12, and 
squamosal, 27 ; and the conditions of this fixation of the pleurapoplfysis are exemplified 
in thOigreat development of ^e hmmapophysis (faandiblc), which is here unusually 
long, supports num«^us teeth, and requires, therefore, a firm point of suspension, in 
thp violent actions to which tho jaws are put in retiiniug and overcoming the struggles 
of a poweiAil living prey. ‘The moveable articulation between the pleurapophysis, 28, 




SKKLETON OF THE CROCODILE. 


209 


and the rest of thttluDmal arch is analogous to that which we fiiM between the thoracic 
pleurapophysis and hffimapophysi% ii^ the ostrich and xnany^ other birds. But the 
haemopophysis of the mandibular arch in the trocodiles is subdivided intp soyeral pieces, 
in order to combino the greatest elasticity and strength with a not excessiye weight of 
bone. The different pieces of this purposely subdivided dement have received definite 
names. That numbered 29, which offers the articular concavity to the convex condyle . 
of the tympanic, 28, is called the articular’* piece; that beneath it, 30, which 
dove^opes the angle of the jaw, when this projects, is the angular’* piece ; the piece 
above, 29', is the “ surangulor th!b tliin,«broad, flat piece, 31, applied, like a splint, 
to tho inner aide of the other parts of *tho mandible, js th^ splonial the small 
accessory ossicle, 31', is the coronoid,” because it dcvelopes the process, s» called, in 
lizards ; tho anterior piece, 32, which supports the teeth, is called th^ dentaiy.” 

This latter is the homotypo of tho premaxillary, or it represents 4hat bone in tho man- 
dibular arch, of which it may bs regarded as the haemal ^ine ; tho other pieces arc 
subdivisions of the hajmapophysiol clement. Tho purport of this^subdivision of the 
lower jaw-bone has beci^wcll explained by Con^bcarc * and Buc]dand,t by tho analogy 
of its structure to that adopted in binding.togifthor several parallfil fflates of elastic wood 
or steel to make a ci'ossbow, and alsa in^setting together thin plates of steel in tho 
springs of carriages. Dr. BucklaUd adds — Those who have witnessed the shock given 
to tho head of a crocodile by the act of snapping together its thin long jaws, must have 
seen how liable to fracture tho lower jaw would be, were it composed of one bone only 
on each side.” Tho same reasoning applies to tho q^i^posite structure of the long 
tympanic pedicle in fishes. In each case tlie splicing and bracing together of thin flat 
bones of unequal length and of varying thickness, ofibrds compensation for tho weakness 
and risk of fracture that would otherwise have attended the elongation of tho parts. 

In tho abdomen of the crocodile tho analogous subdivision of the hocmapophyscs, there 
called abdoi^inal ribs, allows of a slight change of their length, in tho expansion and 
contraction of tho walls of that cavity ; and since amphibious reptiles, when on land, • 
rest the whole weight of the abdomen directly upon the ground, the necessity of the 
modification for diminished liability to •fracture further appears. These analogies arc 
important, as demonstrating that the general homology of the elements of a natufal 
segment of tho skeleton is not affected or obscured by their subdivision i3ha special 
end. • Now this purposive modification of the hseroapophyses of the frontal vertebra 
is but a repetition of that which affects the same elements in the abdominal vertebrs. 

Passing next to the hsmol arch of the x^orietal vertebra, we arc first struck • 
by its small relative size. Its restricted functions have not required it to^igrow in 
proporti|pn with the other arches, and it consequently retains much of its embryonic 
dimensions. It consists of a ligamentous stylohyal,” its pleurapophysis retaining tl^^ 
same primitive histological conditiou which obstructs the ordinary recognitiqpL of tho 
some elements of the lumbar hsemal arches. A cartilaginous ** e^ihyal,” 39, intervoxkes 
between this and the ossified ^^hssmapoidiysis,'* 40, which bears Iftie spacial name of 
ceratohyal. The hsemal spine, 41, retains its cartilagimoup state, like its homotypes, in 
the abdomen ;« there they got the special name of ** abdominal sternum,” hero of 
basihyal.” Tho Uunhyal has, however, coalesced with the thyrohyals to form a broad 
oartilagmouB plate, the anterior borAer rising like a val^ to doa^^he fauces, and the 

* "GeoL Trans.,” 1821, p. 565. * • • • 

+ “Bridglawatcr Treatise,” 1836, vol. 1., ^ 176. 
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^terior anglea heyond aad stistainsn^ the thyroid aad^hther parte of l2id 

larynx. The long bo^y ** ecratohyal " and tbs iDmfno^y eartikginQ^ ^^epSiyal** 
are aoepended by the ligamentous ^ stylohyol’' to the paroecipital process the whole 
arch boring, like the mandibular one, retrograded from the eonpcction it presents in 
fishes. j 

This retrogradatibn <is still more considerable in the sticcct'ding hsaaial arch. In 
comparing tho oecrpital segment of the crocodile's skeleton with that o£ the fish, the 
chief modification that distinguislica tliat segm<?iit in the croeodilo m ti(e». apparent 
absence of its hroraal arch: Wo rccognike, howevjT, the special homote^es of the 
constituents of that areb of t^o fish's skcletofi in the bones 51 and 62 of the crocodile'^s 
skeleton (^’ig. 18) ; but the uxjpcjr or suprascapular piece, 50, retains, in connection with 
tho loss of its proximal or cranial articulations, <ts ^artilnginoiis state; the scapula, 61, 
is ossified, os is likewise th^ coracoid, 52, the lower end of whieli is separated from its 
fi'llow by tho interpositio/i of a median, symmetriftil, parti aUy-osaified piece called 
** epistemum." T^he power of recognfeing tho special homologies of 50, 51, and 52 in 
the crocodile,, with the sirailarly-mimbered constituents of the same arch in fishes — 
though masked, not ^nly by modificatieShs of form and proportion, hut cren of very 
Ruhstanee, as in tho case of 50 — depends upon ftie circumstance of thcjsc bone's consti- 
tuting the same essential element of the Archetypal skeleton, viz., the fourth haemal 
arch, numbc’ixid p/, 52, in Fig. 7 : for although ‘in the present instance there is 6ui)er- 
addod, to the adaptive modifications above cited, the rarer one of altered conne<;tions, 
Cuvier does not hesitate to gri'c Iho same names, ‘‘suprascapulairo" to 50, and ‘^scapu- 
laire" to 51, both fish and crocodile; but he did not perceive or admit that the 
narrower relations of spAjial homology wcio a result of, and necessarily included in, the 
wider law of gencnil homology. According to the latter hnv', wo discern in 50 and 51 
a compound “ phmrapophyris,’* in 52 a hinmapophysis," and in tho ‘‘hcemol 
spine," completing tiie hsemal anh, o 

The scapulo-coracoid arch, both elements, 61, 62, of vrhieli retain the form of strong 
and thick vertebral and sternal ribs in the crocodile, is applied in tho Hkcleton of that 
animal over the ant(‘rior thoracic haemal arclicl. Viewed as a more robust hajmal andi, 
if is obviously out of ]dace in n*fer('ncc to the rest of its vertebral segment. If wc seek 
to deter*miuo tluit segment by tho mode in which we restore to tlieir centrums the 
less displnced m'ural arthes of the antecedent vertebrae of the cranium or in the KJtcriTm 
of tho bird,* wo proceed to esainii^o llio vertchim before and behind the displaced nxch, 
witli th<‘ vi<'w to discover tho one which needs it, in order to hi- made typically eoiii- 
plcto. *^’^inding no cc'iitram and neural arch without its pleurapopliysos from the 
scapula to the pelvis, we give up our wiarch in that direction; and in the^pposite 
direction W(.' find no vertebra without its ribs, until we reach tfto occiput ; there wc 
have cnutraijTi and neural arch, with coolcfeced parapophyses, but v/ithout the bccmal 
artih, which iirfh can .ojily be supplied by a ros^)ration of tho bones 50-62 to the place 
whudi they raturaMy occupy in the skeleton of the fish. And since anatomists arc 
generally ayreod to n'gard thf* bfines 50-53 in tho crocodile (Fig. 18) as specially homolo- 
gous with tho.,e MO miinbcred in tlio fish (Fig. 9), wc mnst conclude th^ they are like- 
vris^ homologous in a higher sense ; that in the fish the scapula-c^h'acoid. arch is in its 
lifttuni or typical iwilion, wkereas in the crocodile it has been displaced fora special 
puq) 0 «c. Thus, a&qeabljr Tvitli ji general principle, wc pereftive that, as the lower 

* See ** On tbc Archetype and IloinolOgibe of tlic Vertebrate Skeleton,” pp. IIT and 159. 
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Tertebcate axiimal filuBtratca the closer adhesion to the axchctype by the natural, ortwii- 
lation o£ the scapulo-coraooid arcli to the occiput, so the higj^cr vertebrate manifests 
the superior xnHucnce of tl^e antagcmmng power of adaptive mo^iicationvby tlie renuival 
of that arch from Ita prefer segment. 

The anthropotomist, by his mode of counting and definial^ dorsal vertobric and 
riba,, admits, unconsciously perhaps, the important principle irngimeral homology v bich 
is here exemplified ; and which, pursued to its legitimate cnDsequcnccs, and farther 
I applied, damonstratBs that the scapula is the modified rib of that centrum and nenra] 

I arch, whk^ ko^calls tlie occipit^ ftme ;’'%nd that tho clftmgu of place which chiefiy 
i masks that relation (for a very elemeutary acquaintance with, comparative anatomy 
' shows how little mere ibrm and proportion afiect tho heniologicol characters fif bones), 
j difiers only in extent, and not in «kiifd, from the mc^ficotion which makes a niinur 
amount of comparative obscrv’'ation requisite, in order to dptormfiic thn relation of fho 
; sliifted dorsal rib to its prftper centrum in the human skclctq^i. 

I With refereneej therefore, to the occipital vertebra of the croqpdilc, if the com- 
paratively wc*ll-doveloped and permanently-distmct riba of all the ccr,vical vcitebriD 
; prove tho scapular arch to bob mg to nont? of those segments, afid if that hjemol lU'ch 
bo required to complete the occipitdf sejment, which it actually does eo-mplcto iu 
i fishes, tlien tlie some conclusion \aust apply to tho same arch in other aninials, u]! 
j to man himself. * 

Tho anterior locomotive extremity is tho diverging nppciidago of the arch, under 
one of its numerous modes and grades of development. sVlie inoximol dement of tliis 
' appendage, or that ncarek the arch, is called the “ huiiK'rua,’* 63 (Pig. 18). The 
second segment of the limb consists of two bones ; the larger one, 64, is called the 
“ ulna it articulates witli tho outer condyle of the humerus hy an oval facet, tho 
i thi(3k conve.x border of which swells a little out htdiind, and forms a kind of nidimmtal 
! “ olecr^on ;V the distal end is much lees Uian the i)roximal one, and i.s most produced 

at the radial side, ' 

The radius, 66, has an oval head ; its shaft is cylindrical } its distal end oblong and 


j Bubcompressed. * 

I Tlu! small bones, 60, wliich intervene between tlioae and the row of five longer 
i bonc', are called “ caqjnls they ai’c four in number in the crocodilia, Oni^cenm to 
bo a •continuation of the radius, another of the ulna-, llicso two are tlie principal 
j carpals ; they arc compressed in tho middle, and f^panded at their two extremities . 
i that on the radial side of tho wrist is the largest. A third small ossicle projects slightly 
! baekw'ards from the proximal end of the ulnar metacaj'pal ; it answ'ers to tho bf^c called 
: “pisifoiwie^' in the human wrist. The fourth ossicle is interposed between the ulnar 
i carpal and the metaclrpals of the tliree ulnar digits. • 


These five terminal-jointed rays of the appendage arc counted from tin; radial to the 
ulnar side, and have received special qames ; the first is caUe J pollcx,*’ tlic aeoohd 
“ index,” the third “ medius,” the fourth “ annularis, ” and tlie fiftli “ mhiimna.” The 
first joint of each digit is called “ metacarpal.;” the otHcra are termed “ phalanx.” In 
the crocodilia tfie pollex has two phalanges, the index thi'cc, tlie medius four, the annu- 
laris four, and tlie minimus three. , The teiminal phalanges, which are modified to 
support clavrs, are called “ ungual” plialanges. * 'w * 

As the alx>ve-descftbed bones of the scapular extremity arc^ ^velopmcnts of the 
appendage of the scapular arch, which is the hxemal arch cS the occipital 'iartebra,^t 
follows, that, like the branchiostegal rays dhd opercular bones in fishes, tliey are esaen- 


I 
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tinDyboneBoftJiolie^ Buttiic enUmeratioii of the bones of the wocoMes ^ is 

not Mindetod by tlioat.; there is a bone .nnteiioS tfftho orbit, which is pirated at its 
orMtsl border by the duct of the laorymal gland, whence it is termed ^ 
bone/* and its facial ptet extends forwards between the bones marked 14, 16, ^ » aa 
■•e In many orocodilia there is a bone at the upper border of the orbit, whicn extods 
into the Bubstanco of the ipper eyeUd ; it is caUod » superorbital.” In the crooodilus 

nalpebrosna there ore two of theso^^sides. ^ ^ 

' Both the lactymal .-md supojpijitsl bones anB.wcr to a senes of bones ^d»oora- 
monly in fishes, and called' ^d “ superorbitals/' The lac^ is the 

most anterior of the snhorbi«fl#^ ■bad is the largest in fishes; it is a^ the most 

constant m the vertelmite scridSf ahd is grooved or perforated by a mucous duct. Thew 
ossicles appfcrtain to the dermal or muco-dermfil system or « exoskeleton/* not to the 

vertebral system or ‘^endoiiielctcn.” 

There remains, to complete this sketch of the osteology of the crocodile, a brief notice 
of the bones composing the diverging appendage of the pelvic arch : ^ese being a rope- 
tition of the same deipcnt as the appendage of the scapular areh, modified and developed 
for a similar ofaoe, manifest a very dose resemblance to it. The first bone, called the 
“ femur,** is longer than the humerus, ani, like it,^ presents on enlargement of both 
extremities, with a double curvature of the intei-vening shaft, but the directions aro the 
reverse of those of the humerus, as may be seen in Fig. 18, where the upper or proximal 
half of the femur is concave, and the ^tal half convex, anteriorly. The head of the 
femur is compressed from siefi^.o side, not from before backwards as in the humerus ; a 
pyramidal protuberance from the inner surface of its upper fourth represents a “ tro- 
chanter •” tlio distal end is expanded transversely, and divided at its back part into 
two condyles. The next segment of the hind-limb or “ log/* includes, lilce the corres- 
ponding segment of the fore-limb called fore-arm,** two bones. Tho^ largest of tliese 
is the “ tibia,’* 66, and answers to the radius. It presents a large, trianj,ular head to 
femur, it terminates below by an oblique crescent with a convex surface. The 
“ fibula” is much compressed above ; its shaft is slender and cylindrical, its low'er end 

enlarged and triangular. The group of small bones which succeed those of the leg 
are the Ijursals ; they arc four in number, and have each a special name. The “ astra- 
galus’* artioulates with the tibia, and supports the first and part of the second too^^ *rhe 
calcaneum intervenes between the fibula and the ossicle supporting the two outer toes ; 
it has a short but otrong posterior ‘tuberosity. The ossicle referred to represents the 
bone called “ cuboid” in the human tarsus. A smaller ossicle, wedged betw’oen the 
aatraMllifl and the metatarsals of the second and third toes is the “ ectocimeifonn.** 
Four toes only ai'C normally developed in the hind-foot of the crocodiha ; "lihe fifth 
fe represented by a stunted rudiment of its metatarsal, which is aifeculated to the cuboid 
and to fhe bdse of the fourth metatarsaL The four normal metatarsals are much longer 
tfian the corrcspop^inffmotacarpals. *rhat of the first or innennost toe is the shortest 
and strongest ; it supports two ghalanges. The other throe metatarsals are of nearly 
equal lengtih, but progressively diminish in thickness from the second to the fourth. 
The second metatarsal airports three phalanges; the third four ; ^md the fourth also 
has four phalanges, but does not support a claw". ^ The fifth digit is represented by a 
rudimmit of its mejf^hreal in the form of a flattened triangular plate of bone, attached 
to the outer side of the cpjroid, and sUghtly curved at its pointed and prominent end. 

^ ^ !the fdhns and proportions of the entire skeleton of the crocodile are adapted to the 
necessities of an amphibious animal, but mfnister to much more rapid and energetic 
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movomcnts in watfr than on loud. The short jimbs preclude 4;he possibility of very 
quick course along shoro ; and thc^v^lapping of the ribs of the neck, 'whilst enabling 
the head the better to cleave the water during the acts of diviltg or swimming, mokes 
the bending of that p^t from side to side an act of difficulty ar^ time ; this, it is said, 
may avail any one x)ur6ucd by a crocodile on dry land to escape by turning out of the 
straight course* But the crocodile usually seizes his prey by stratagem or concealment 
when in or close to the water ; and it is there that he shows himself master of his 
position, and chiefly by the powerful strokes of hipi long, largo, vertically-flattened toil. 

Osteology of Chelonian and'Tuitlea •“"Those ani- 

mals to 'whicl^ in the manifold modiflc«.tions^ibii^j^ ''organic frametvork, a portable 
dwelling or place of refuge has been given, in coin|«^ation inferior powers of loco- 
motion or other means of escape or d<^cncc, have alv^ys attracted especial attention ; 
and of them the most remarkable, £oth for the complex construQtion of t&eir abode as 
well as for their comparativel}'«high organization, are t&e reptiles of the chelonian 
order. The expanded thoracic-abdominal case, jpto whi^, in most chclonians, the 
head, the tail, and the fop.r extremities can be 'v^thdrawn, and in sofno of the species be 
there shut up by moveable doors closely fitting both the anterior aiM po^crior apertures 
— ^as, e.ff.f in the box-tortoises {cmosUmion^datudo ) — has been the subject of many and 
excellent investigations ; and not the least interesting result has been the discovery 
that this seemingly special and onowalous superaddition to the ordinary vertebrate 
structure is due, in a great degree, to the modification of form and size, and, in a loss 
degree, to a change of relative position, of ordinary elc^nts of the vertebrate skeleton. 

The natural dwelling-chamber of the chelonia consists chiefly, ond^ in the marine 
species {chehne) and mud-turtles {trioftyx) solely, of the floqr and tho roof; side-walls 
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Fig. RO liStcnrs the in Vbich the ho&d nnd tail can 1)C rtfliraeted within tho 

thnnoie-e%»3oBiiiud ho 5 |^^: iStm four llnibs arc figufcdcaa extended in the act of walkmg, 
to lediow their e|^ctare. The only movekhle Tertebr© are those of the neck and tail, 
and the Ibnner srgoy a great degree of flexibility. Tho Tortebr© ^wering to the dor- ; 
Bal, ImxibaT, and secisil Beriea are firmly fixed together; hut the doisifi. ouee, 1 to 6, are 
chiefly ooneemod in formation of Ihe osseous dwellmg-chaniber. The eompeei^on 
of this wiB he first desciibed as it exists in the turtle '{cJtehmie)^ the species called 
“ loggoihead” being here selected for its illustration. • * 

In the xnaiine specif of *ihe chdkmiiai dLider, d! w^ch this may he ^-ogarded as the 
type, tho oBi^cation qf fib% 08 rapape and {dastron is less extensive, and Hic whole 

skeleton is lighter, than in the hox- 
^forjoiso (Fig. 20), or tiny of those bikj- 
oios that live on day hmd. The head ' 
is prtirportionally larger, — a charaetpr 
common to aquatic ladninls ; and, being 
meapable of rrtraotion within the cai-a- 
paoe, ossification extends in the direc- 
Imou of the fascia covering the tempo- 
ral idusclcs, and forms a second bony 
Vjovering of the cranial cavity : this 
accessory defence is not due to the in- 
torcalaticm of any now hones, but to 
exogenous growths from the frontals, 

11, postfrontals, 12, parietals, 7, nnd 
mastoids, 8. 

Ihc carapace (Fig. 21) is composed 
of a smoB of median andcsymn/ctrical 
pieces clif toell, and of two series 
of uiisyinmctrical pieces on each side. 

• The median pieces have been regarded 
• c viiAPACJt or TUUTLIS (<77*cZo»« imbrimla), as lateral expansions of tihe summits of 

tho neural spines; the medio-latcral 
pieces as fiknilar developments of the ribs ; and the marginal pieces as tlie liomologues 
of the stomal ribs. But the develoj^ent of the carapace shows that ossificatioa begins 
independenliy in a ^bso-cnrtilaginaus matrix of the corium in tho first, and some of 
the last, fUtosll, xnsdtan plates, and extends from tho summits of the neural spines 
into only eij^t of the intervening jdates, «1 to «8 : ossification also extends i(Lto tho 
c(jntiguouaJateral plates, pi I to pi 8, in some eholonia, not from tlte correspondmg jait 
of the suj^acent ribs, but from points alfcmatcly nearer and farther from their head*, ! 
showing that such extension of ossification into tlio corium is not a dcvelopmfitit of .flie i 
tuhorclo ttf tliQ rib, db has been supposed. Ossification commences indcpcndeotly in tho 
corium in nil the marginal phutes, m 1 to pi/y w'hich never coalesce with the hones 
uniting tho Btemum -with tho vertebriil ribs, and which arc often more ‘numerous, and 
sometimes less numerous than those ribs, and in a few species ore Vanting. Whenco , 
it u be infemed ^at 1hc eiipBi&ded bcnics of thh corepace, whidi are suppoitod nnd , 
inxprosced by the tl^k epidermal scutes called ^ tortcdse-Bhellf'* ate flcn&al oasifica- 
biam^ogoaB wxtf thohe wMcfi tupport the nuchal and dorsal epidennol scutes in 
the crocodile. Most of thc^picecs of the coxfkpacc being dixecriy contixnious nr eoBUiste 
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npxtb tiw fibiiioiH iteiBieiilB of the veitebne, whiph have been eh|>posed azclusiYely to 
Iona them by their ■eaqwyeiyn, the moduoi ones, si to sll, hove been colled 

neural plates,'* and the medio-^teral pieces, 1 to ^8, ** costal plates;” but the 
eictemal lateral paeoes, i»\ to w 12, have retained the name of ** marginal plates.” The 
first or anterior of the median plates {ch^ ^‘nuchal plate”) as remarkable for its great 
breadth in the tuittes, and usually sends down a ridge from the middle lino of its under 
surface, which artteulstos more or less directly with tho summit of the neural arch of 
•the first donsal vertebra ; tho second neural plate is mndi narrower, and is connate 
with the summit of the neural r^iid} of tbs) second dorsal wcrtSbtn; the seven aueifud- 
iug neural {dates have the same rdutiona^ with l(itoec^dm£^ ncuzUl spines : tho rest 
are indopendent dermal bones. The costal pistes of the carapace arc superadditions to 
eight pairs of the pteumpophyses or ^vertebral portions of the second to the ninth ribs 
inclusiTO. The el^der or proper portions of these ribs project freely for some distance 
beyond the <eoKiitsto dermal poit^ns, along tho under suriaoo of which tho rib may bo 
traoed, of its ordinary breadth to noeor llic head, which liberates itself from the costal 
plate to artieulate to tbp interspace of the twc^contiguous vertebra;, to the posterior of 
which such rib properly belongs- • • • • * 

The plastron, or fl.oor of the bony h^^c, consists in tho genus Chelone^ as in the 
rest of the order^ of nine piccos,a--oue inedian and symmetrical, and the rest in pairs. 
With regard to the homology of th«sc 
bones, throe explanations may be given : 
one in confonnity with the structure of 
tho thoracic-abdominal cage in the m oco- 
dile ; tho other based upon tho analogy 
of that part in the Inrd ; and the third 
agreeably with the phenomena of do- 
voloi)Baent. , AooonUng to the first, the 
median pleco of the plastron, colled 
** ento-stcrual,” S, answers to the sternum 
of the crocodile, or “ sternum propei^” 
and the four pairs of plastrou-picccs, 

/m, ps, xs, answ'er to tho Innmapophy- 
ses’t forming tho so-called stcmBl and 
abdominal ribs of tho crocodile. Most 
comparative anatomists have, however, 
adopted the views of Geofiroy St Hilaire, 
who YSfiA guided in his deieimination of 
the pieces of the plluitron by the analogy 
of d&elct(m of the bird ; according to 
which all tho parts of the plastron are re- 
ferred to a complex and greatly developed 
sternum, end the marginal plates arc viewed as Bltmj)! ribs (bscmapopbyaes). The 
third ground bf detenumation refers the parte of t^c plastron, like those of the carapace, 
to a combination df parts of the ciidoskelcton with those of the cxuskcleton. 

In Pig. 21, the marginal plates,* ml to m 12, are twgnty-four in number, o%twcnty« 
six if the first (nuchal, ch) and last (pygal, pp) vcitebral ^tes bo included. Omitting 
these in the enumeration, three maij^nal pieces interveneP on each side at the angles 
between the first median plate and the point of the first co9tal plate formed by the end of 
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Fig. 22. 
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the second dorsal rib, n^ich point entem a depression in the fourth morginal piece, m 4 ; 
the fifth, sixth, soventlh eighth, ninth, and tcnthtUvsTginal plates are similarly articu- 
lated by gomplyssis to the six succeeding ribs; the eleventh marginal plate has no 
corresponding rib ; the twelfth is articulated with the point of the plinth dorsal rib sup- 
porting the eighth costal plate. 

The want of concordance with the vertebral ribs, or pleurapophyses,” arising from 

the increased number of the mar- 
ginal pieces, favours the idea of 
' tli^ir being denna][ ossidcationB, 
such peripheral elements being 
more subject to vegetative division 
and multiplication than the hsema- 
po];hyses : the absence of the mar- 
giiral pieces in the trionyx gives 
additional support to the same 
view. The median piece, S, is hero 
r(;gardod as a haemal spine : it is 
called entostemum.*' The parial 
pibccs of the plastron are the 
hsemapophyscs ** connate with 
expanded dermal ossifications, and 
have received the following special 
names : w, “ epistemal ; ** “ hs^ 
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‘‘hyostemal;** jpA, “hypostemal;’' “ xiphistomal.” | 

In some extinct chclonia the number of these lateral elements of the plastron is I 
increased by an intercalated pair which I have called “ mesostemals.” In the figure of 
the segment, as modified to form the carapace and plastron (Cut 23), the nature ed* the 
bones is indicated by the letters according to the explanation given of the archetype 
vertebrse (Fig. 5, p. 169), the dermal superadditions being marked se. 

In the figure of the skeleton of the box-tortdiso (Fig. 20) a section of the carapace 
and* plastron has been removed from the right side to expose the dorsal and sacral 
vcrtobriB, dhd the disposition of the scapular and pelvic arches. The eight cervical 
vertebrse are free, moveable, and riblcss ; the fourth of these vertehrse has a much 
elongated centrum, which is convex, at both ends; the eighth is short and broad, with 
t the anterior surface of the body divided into two transversely elongated convexities, 

< and the posterior part of the body forming a single convex surface divided into two 
lateral foc^s ; the under part of the centrum is carinate. The neural arch, which is 
anq}iylosed to this centrum, is short, broad, obtuse, and overarched by the broad, 
expanded jiud^ plate, eh. The first dorsal vertebra, ^1, is also short and broad, with 
two •short and thick pleurapophysos, articulated by one end to the expanded anterior 
part of the ce]^trum,*an^ united by suture at tlie other end to the succeeding pair of 
ribs. The head of each rib of tl^e second pair is supported upon a strong trihedral neck, 
and articulated to the interspace of the first and second dorsal vertebrae : tit is connate, 
at the part corresponding to the tubercle, with the first broad coatal*plate, w)uch arti- 
oulates by suture to tljp latersiltniargm of the first hieural plate, and to portions of llho 
nuchal and third neur^ plates : the connate rib, which is almosMost in the substance 
of* the oosta^ plate, is contifiued widi it to the anterior and outer part of the carapace, 
where it resumes its subcylindrical form, and articulates with the second and third 
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I marginal pieces d£ the carapace. The neural ^ai^h of the second dorsal vertebra is 
I shifted forwards to the interspace fcetiveen its own centrum and that of the first dorsal 
vertebra. A similar disposition of the neural arch and spine and of thg ribs prevails in 
the third to the ninth dorsal vertebra) inclusive. Tho corresponding seven neural plates 
arc connate with the spines of those vertebras, and form the major part of tho median 
pieces of tlio carapace ; tho coiTCsponding costal plates, anchylosed to tho ribs, form 
the medio-lateral pieces ; the nintli, tenth, and pygal plates, with the marginal plates 
of tile carapace, do not coalesce w^th any parts of the endo-skelcton. ITie bony floor 
of the great abdominal box, or “|)lastron,”^s formed by thft haBmapophyses and sternum 
connate with dermal osseous plates, forming, as in the 4urtl(^ nine pieces, one median 
and symmetrical, answering to the proper sternum^ and eight in pairs : bat they arc 
more ossified, and tho hyo- and hypo-ftemals unite suturally wdth tho foiyth, fifth, and 
sixth marginal plates, forming tho side- walls of the b^y clftimbcr. Tho junction 
between the hyo- and hypo-st^mals admits of some yic^iing movement. The iliac 
hones, 6)2, abut against tho plourapophyses of the tenth, eleventh, apd twelfth vertobrro, 
counting from the first ^dorsal vertebra. These three vertebra) form the sacrum : their 
pleurapophyses are unanchylosed, convolve, &d unite at their (fisttl exteemitios to form 
the articular surface for the ilium. ^ey«nd these the vertebra), thirty-five in number, 
arc free, with short, straight, and thick pleurapophyses, articulated to the sides of tlic 
anterior expanded portions of the centrums. They diminish to mere tubercles in tho 
first caudal vertebra, and disappear in the remainder. The neural arolics of the caudal 
vertebra) arc flat above, and without spines. Tho ^fcrong columnar scapula, 61, is 
attached by ligament to the first costal plate, and, retaining its primitive rib-like form, 
it descends almost vertically to the shoulder-joint, of wl^lPit forms, in common with 
the coracoid, 52, the glenoid cavity. A strong subcylindrical process or continuation of - 
the scapula, representing the acromion, bends inwards to meet its fellow at tho middle 
line, rhe Soraeoid continues distinct from the scapula, expands, and becomes flattened 
at its median extremity, which docs not meet its fellow or articulate with the sternum.* 
The iliac hones, 62, arc vertical and columnar, like tho scapula, but are shorter and more 
compressed : they articulate, but do not Coalesce, with the pubis, 64, and ischium, 63, The 
acetabulum is formed by contiguous parts of all the three bones. The pubis arches inwatds, 
and expands to join its fellow at the median sympliisis and the ischium posteriorly. It sends 
outwards and downwards a long thick obtuse process from its anterior margin. The ischio, 
in like manner, expand where they unite together ip prolong the symphysis backwards. 

In tho skull the parietal crista is continued into tho occipital one without being • 
extended over tho temporal fossa), os in the turtle ; tho fascia covering th^muscular 
massci^in these fosste undergoing no ossification. The bony hoop for the mombrona 
tymponi is incompfeto behind, and tho columelliform stapes passes through a no^ph 
instead of a foramen to attain the tympanic membrane. The mastoid ja excavated to 
form a tympanic air-cell. In the Aus^;alian long-necked terra^jqpc {hydrasput lonyieoilis) 
the head is much depressed, the mastoids are excavated by lar^ tympanic cells, and 
prolonged backwards : the frontal is produced forwSrde as far as the anterior nostril, 
where it terminate^ in a point between the two nasals, which are here distinct firom the 
prefrontals. The margins of the upper and lower jaws are trenchant : the hypapophysis 
of the atlas has the form of a dimmutivo wedge-bone,rforming^ usual the losrer port 
of the articular cup^for the occipital condyle : t^e rest of tljp body of the atlas, or 
“ odontoid,” has coalesced with its proper neural arch, which dcvelopcs t^o transverse 
and two long posterior oblique processes, as in the chelys. * 
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In tiiie tme ^ ladA tortc^s the t^pora^ deprcssioiis are ezjM^ped, as in tlio box- 
tortoises and &eBh-water teirapenGs : the head ifi^pi^)portionally small, and can bo ’with- 
drawn benaaith tSie pr&toctivo roof of tho carapace. Tho skull is rounder and less 
depressed than in the toirapcnes : tho £rontals cuter into t^c formation of the orbital 
bolder. The tyiupanic hoop is notched behind, but the coluiucUifonn stapes passes 
i.hrffcn gh ia small foramen. The palatine processes of the moxillarlcs ore on a plane 
Mow that of the continuation of tho basis crauii, formed 1^ the vomer and 
palstmoB. In most of the chdonia the nasal bone is conuatc 'with the prefrontal ^aancl^ 
in ali, the tympanic pedicle ia iirmly wedged between the bioad appendf^ of'ibo max- 
illary arch, formed by z^or, 26, and eqnamosal, 27, in front, and the mastoid, 8, 
behind. Xhe broad-headed terrene (j^docnemys ex2>ansa) differs from other fresh-water 
tortoisea, and approaehes the mo&ic tortoises (tuiptlcs), by tho vaulted bony roof qrching 
over the temporal de^ssions. Tim roof is chiefly formed by the porictals, but differs 
from .that in the turtles in being completed laterally by a larger proportion of the 
squamosal than of the postfrontal, which does not exceed its relative size in other ter- 
rapencs. The present species fui'thcf diihjrs from tho mapne turtles in the non- 
os^cation of Ihe fouler and the conaequcnl^ absonoe of a septum in the posterior 
nostrils ; in the greater breadth of the ptezj^ids^ which send out a compressed rounded 
process into the temporal depressions : the o^its also arc much smollci;, and ore bounded 
bohind by orbital proceascs of the postiiont^ tand malar bones: the mastoids and 
paroccipiUda arcimon} produced backwards, and the entire skull is moi-c depressed than 
in tho turtles. 

The ardinomy position of the scapular extremity is a state of extreme pronation, as 
thowa in Pig. 20, with th^ olocranou, or top of 64, thro'wm fuiwards and outwoj'ds, 
and tho radial eidb of tho hand, or thumb, ^ directed to the ground. The humerus, 53, 
is strongly bent in a sigmoid form, with the anconal surface convex and dfreeted 
upwards and outwards : the two tuberosities at the proximal end are mu(ji developed 
«mLd hont towards the palmar aspect, bounding a deep and wude groove : that which 
answers to the external tuberosity is the smallest, and by the rotation of the humerus 
it becomes the most inliomal in positiom The isroximal row of the caipus consists of 
four bones — ^viz., a largo scapheddes, n small lunore, wedged into the interspace of tho 
radius nndTulna, a largo cunciformc, and a small pisiformc. The second row consists 
(ff live distioot bones, con'esponding -with tho five digits ; those supporting the foforth 
and filth answexing to the os uncifoime, rcmaiiimg tlircc to tho trapezium, trape- 
zoides, mad magnum. Tlic first and fifth of the digits have each one luetacaipal and 
two phfdflugee ; the rest, it, iii, iv, have each a metacarpal and throe phalanges. A 
eeraaaoid bone is placed beneath the metaeaipo-phalangcal joint of the tliree middle, digits. 

Jn the pelvic extremity^ tho femur, 65, is sigmoidally bent, but in a less 
♦itnin the humerus, and is a shorter bone. The patella is ligamentoija: the synov^ 
joint between it and the femur is distinct from the proper capsule df the knee-joint ; 
tho fibula, is louger and more slender thdi tlic tibia, CG; a small ^fabclld’’ is 
aztsculatfid to its upper end. ^ The proximal row of the tarsus consists of two hones, 
astragahu and caloancum, which sometimes bocomo confluent. The distal row consists 
of fivu hoines, four of which support tho four normal toes, and the fifth, a rudimmit of 
the fiftla iea without ^ claw : ^he foui'th and fiftlf of the second row of tarsals answer 
to fihe 08 cuboidei ^ iiii^hcr animals ; the o^cr three bones to the tiiree ossa cuncifonnia. 
ThnnstEago^nr past of the Amgle proximal bone would seem to include the scaphoid as 
well as the calcancum. * 
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In the nltnne tficlonia digits of l>oth liabs sre elongated, flattened, and united 
by a web ; the hands and feet bavilg (fhe form of flns. 

In all the .^eludissaB long wneB of'thc limbs are solid, wi^out mcdiillaTy 
cavities. « 

The Skeleton of Bixde.— From the massive frame of tbo cold-bloodrd, heavy, 
and proverbially slow tortoise, to the light, hot-blooded, flying bird, tbo tiansitior: 
scorns to be abrupt, and the discrepsoicy between creatnros so difftwoTitly endtjwcel 
Extreme ; nevertheless, at the couflnea of tlic feathered class, we And some aquatic species, 
such as the pepguin, incapable tsf ^ght, hflving the wings mo&ficd to act as flns, ami 
much resembling those of the tnrflc ; with iho bones solijj, an^ the feathers r si mbliur 
scales. All birds, like tartfliwes, lay eggs, arc devo^ of teeth, and have their jaws 
shcatlicd with honi,nBd fbnning a })ilk or beak. Most birds, however, cnjpy the faculty 
of flight. , • 

If the stadent of comparati^fe osteology will procure tno skull of a rook, a hawk, a 
swan, or a aea-gull, and vertically bisect it, he will hare a ready ^nstance illustrative 
of some < 9 f the chai'acteri^tics of the osteology df the feathered class. ^Siich a section 
will dhow the ivory-liko whiteness and cempictness of the osseifus 'tissue, and the loose j 
open nancellous structure of the boucit i}c will see that for is admitted into these can- | 
colli partly from the nasal passages, and partly from the tympanic cavity which receives 1 
it from the custachian tube ; from the* latter source, the proper bones of the cranium 
receive frk&ir air. Some sf the chameterktic features in thd composition of the skull of 
birds Tmj jim bo nofusod': for eKunple, the oblitenilion of all thij ordinary sutures 

of the crasliiim, except tfieae-vliidi utiite the tympanic bone, 28, to the mastoid, 8 ; . 
and thatwhi(3i imitei Ube fito^goid, to the basisphonvi^ 6; which sutures an* j 
speedily obliterated in the k a a nina ankjeoL Xhe pimsHixillaiy is conflumt with the nasal 
and with the maxillary ; the xnsal boibig conflnezit with the frontal 4uxd the maxillary 
with the jugal. The jugal and squamosal are ake ccmflaoiit, and frxrm a long zygo- 
matic style in all birds, oomoettad at fris hinder -cxtismiity by n moveable glenoid joint** 
to the outer and lower part of the tympanio. The pterygoid arttorJates, in like manner, 
with the inner and lower part of ths^tympuiic, the movements of which arc thus 
communicated to the upper mandiKle, so far as the jimetioii of the nasal with tlio 
frontal admits of such independent motion. The upper jaw', or mandilHc, which 
iiicltdos the vomer and nasals with the maxillary ai’ch and appendages, is moveable 
m a bird through the jimction of the nasals arid nasal branch of the premaxillary 
with the frontal, by means of a moveable articulation, or by elastic plates. • 

If the student will next separate one of the vertobrsB of the trunk from tliOrest, and 
cut ouLthat portion of the long and broad breast-bone to which its pair of riba are 
attached, he will hifi^e a segment of the skeleton, answering to that figured in Fig.*/3, 
p. 169. . . 

The cut surfaces will demonstrate tlic light -cellulosity of the divided boncjs. The 
following letters indicate the ekaaents of such modified vertebras df <he ikomx : p, cen- 
trum, with its hypapophysis ; p, perapophysis ; d, Sfia|)ophybi.s ; n, neural arch and 
nidi mental sifSne; y/, plcurapophysis ; A, hsmapojdLyBLS.; 4«, hwmal spin;. The ten- 
dency of individuifl elements and bones to coalesce in birds has already been illustrated 
in the cranium ; it is shown, in moSt birds of flight, not only the confluente of the 
centrum with the nenral arok, but by that of severd consceuti’vy centrums and or jhi s 
into a single bone, in the ample chest. In like manner thj hsemal spines,^ w^hich € 0 : 1 - 
tinue distinct in moqy vertebrata, have here coalesced int^ a single bone, whidh artioor 
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attiiciilatea with the coracoid above, but is con&ucnt with its fdlow oud witli the keel 
of the stemum bel<^. The iliac ^xyas, 62, are remarkable for their length, and for 
the number of the vertobi;^ or the ||T6at extent of the confluent spinal column, to which 
they are anchylosed.^ They reach m the swan, and in most other birds, &om the tail 
forwards to the vertebra with moveable ribs. Thus the artificial characters of a “lumbar 
vertebra’* arc wanting. The pubis and ischium on each side hovo coalesced with the 
ilium to form the lower boundary of the widely-perforated acetabulum. The pubis is 
lon^and slender, joins the ischium of its own side near its lower extremity, but docs 
not join its fellow ; thus the fortynen ovalcf is defined, but there is no symphysis pubis : 
the absence of this symphysis facilitates the expulsioi of the Jlarge ovum with its 
unyielding calcareous shell. Tho ischium coalesces posteriorly with tho Nium, and 
converts the ischiadic notch into, a foramen. Tho caudal vertobrse, ore few in 
number, with broad transverse processes funned by cojiflu^t plcHrapophyscs, the limits 
of which may still he traced. A hicmapophysis is articulated to the lower interspace, 
between the fourth and fifth caudal, and is anchyloaod to tho sixt^. The humerus of 
somo of the larger birds 4)f flight — e. y., the pcliSan or adjutant crane — remarkable for 
its lightness, as compared with its hulk and agoming solidity ; if is,*m fact, a mere shell 
of compact osseous tissue. The orifl!6e o^jnitting air to its largo cavity is beneath tho 
great tuberosity at the proximal End. 

Tho keel is excavated, not only f<ftr the reception of an air-ccll, but likewise for a 
fold of the windpipe, which fold expands with age, and lies horizontally in the sub- 
stance of the hack part of tho stemum. Small pneumi^ilc foramina arc situated at tho 
anterior and inner surface of the bone, and perforate the articular surfaces for the sternal 
ribs. » 

In the skeleton of the wild swan {Cygntts ferm) (Fig. 24), here selected as on illus- 
tration of the ornithic modification of tho vertebrate type, there are not fewer than twenty- 
eight ^ertekrse, C S D, between the skull and the sacrum, tho lost six of which, D 1), 
support moveable ribs : of these the first and second pairs arc free ; the next four arc* 
articulated to tho sternum by bony hsemapophyses ; tho last five pairs of ribs oro 
attached to tho sacrum and also to t3o stemum ; but the tenth, or last rib on tho left 
side, is very rudimentary, being only about one inch in length. There are eight caudal 
vertebrae, Cd, The tiuchca or windpipe penetrates the sternum, and bends and winds in 
the interior of the bone before returning to enter the chest. The apex of the furculum, 58, 
bends upwards, and forms a hoop over the windpipe as it enters into the keel of the 
breast-bone. Tho fhrculum, sometimes called “merrythought,** consists of tho two • 
clavicles confluent at their lower free ends. If a portion of the one side of tto stemum 
be reutoved, tho tortuous trachea which it incloses will be exposed. To the great length 
and peculiar courdi of the windpipe in this species is to be attributed its rcmorkalily 
loud and harsh voice ; whence the name hooper, or whistUng swan, ha^ boeij derived ; 
and is applied in contradistinction to^the domestic or mute in which, as in most 
other birds, the trachea proceeds at once to the lungs, without Altering the stemum. 

In the fismale of the wild species, the course of the ftncJica is much more limited than 
in the male, seldom penetrating tl^ sternum to a greater extent than from throe to four 
inches. * 

The breadth of the stemum, cmd.thc strong ridgesor keel^hat descends irom tho 
tnid-Une of its undef surface, relate to the inoreaspd extent of ^urfhee required for the 
attachment of the pectoral" muscles, which are the active organs of flight. In^he 
land-hixds devoid of the power of flight, such as the ostlich and apteryx, the keel is 
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Vftiiting acad ths Rtemtun is short, its Tsiious proportions^ pEoeesseF, x]«ti(die% and p«r- 
&ratio&s render it a re^ eharscteristio bone in 

In no ordoi;. domadedupon modifications of thjfeot, » stemom more Versified 
in character than in the palmipedes or web-footedT order ; for in npne are Ihe poiwers of 
flight enjoyed in such different dogroes, or exercised in such various ways, from, tho 
frigate-bird down to the penguins, where the power of flight is abrogated, and the ludi- 
' mental wings used as fins. 

In the goose and duck tribes, as well as the swans (anset'es^ Linn.), the sternum* fi; 

' long and broad, and pinacifts two modcrafrly w'nSs ^id deep hind notqh^ ; the costal 
I processes are usuaUy rubq^adrate ; the coracoid grooves are continued into one 
I another the median line ; tly^. costal tract forms about half of the lateral margin in 
I the ducks apd geese, and two-tliirda or more *ln ^the swans ; the inteipcctoral ridge 
j extends from the prtftninei^t poft of the coracoid margin backwards, nearly parallel 
I to th(3 lateral margin, to l^e inner side of the laterdi grooves ; tlie back part of the 
! sternum bc^tween fhe grooves is quadrate, with the angles slightly produced in most ; 

there is a shortj manubrial process belo^)' the conicoid groove. .The form of the sternum, 
j its long keel, and lEhe* backward produdfcion* of the long and slender libs, give a boat- 
I lilre figure to the trunk of these switnming-l^irds Vhicli is well adapted to their favourite 
( niCHlliim and mode of locomotion. The bones of the Ving or anterior extremity do not 
I present that extraordinary development which might be expected from the powers of the 
' member of which they form tho basis. The great expanse of the wing is gained at the 
I expense of tho epidermoid system (quills and feathers, like hairs and scales, arc thick- 
j cned epidcrm),*and is not exclusively produced by folds of tlio akin requiring elongated 
i bones to support them, a« in the flying-fish, flying-lizards, and bat.s. TJio wing-bonos 
. of birds arc, however, both in tlieir forms and modes of articulation, highly charac- 
tcri.stic of the powers and applications of tho muscular apparatus requisite for the due 
I actions of flight, Tho bones of the shoulder (jonsist on each side of a .sjtapulK, 51, a 
' coracoid, 62, and a clavicle, 58, the clavicles being, as a general rule in birds, confluent 
: at their median ends, and so forming a single bone t«iUed ‘ ‘ f ui’culum’ ' or ‘ ‘ os f urcatorium ’ 

! this further nioclification of the hairaal arch ill birds, repoating tiiat of tb j pubis and 
i bn\i!r jaw in some otlicr animals, having occasioned an additional specific term in omi- 
i tbotomy. * Tho scapula, 61, is a long, narrow, fiat sabre-shaped plate, expanded at th(i 
I humoral end, where it forms externally part of the joint for thej ai’in-bono tSdlcd 
I glenoid cavity,” and extended backwards nearly parallel with the vertebne, as far a.s 
* j tho ilium, 62, in tJio swan, and reaching to the lost rib in tire swift ; but it is much 
I shorter in^the birds incapable of flight. The coracoid is the strongest of the hones of the 
! scapular arch : it forms the anterior half of the glenoid cavity, extends above Uds part 
I tq abut upon the furculiun, and is continued downwards below tbe^joint, expanding, to 
j bo fixed jn the transvci*so groove at the fore part of the sternum ; it thus fernna the 
I chief support of the ying, and the main poii^ of resistance during its downward 
stroke. In the ha^ks and other birds of prey, and in tho ci-ows and most passerine 
birds, a small bone (os himiero-^apsalare) extends between the scapula and coracioid 
along the upper i)art of the glenoid cavity; this is absent in the swtui add other swim- 
mers, as wtdl as in the gallinaceoiLS and wading birds. Tlie humeVus, 53, is usually 
a long sand slender bfne, bn^ is not always deT^elopud in lengtli in jwoportimi to tlie 
powers of flight ; frr, |lthoiigh it is ahortest lu tlie struthious bitds and penguins, it is 
also Tory Ed|pet, but much th^or stronger in the swift and humming-binls. The 
heafi of the hwerua ie traraversely oblong and convex ; it is further enlarged by two 
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loJbesml eiests ; o£ ^leao tbc snpeiioT i» the longest and is bent outwards ; the inferior is 
thickened and mcurved, and beneath it|is Bittiated the orifiee: by which the air penatmfees 
the carity of the boxue. IJbe artieuilu surfiied at the opposite or*** distal^’ cud is divided 
into two poEtSy ono ^^xsmal, for the nhia, of a hemispherks form, the o^er also convex, 
blit more elongated and oblique, extending some way upon, the anterior euriace of the 
bumerus. The extremity of a long bone of a limb which is next the trunk is called 
the ** proximal’* one; extremity farthest fi-om the trunk the ** distal’* one: they 
dre not always ** upper** and ** lower.** The ulna, 65, gUdea upon the inner hemi- 
spheric tuberulp, upon the trochlt]^ ^onal, dud on the baGk*part' of the outer convexity. 
A ligament^ extending from the outer xjort^of the head of^^hc n^us to the outer part of 
the olecranon, above the posterior margin of tlie outer^ division of the articular surface 
of the ulna, plays upon the back pqjH; jf the radial convexity of the humcyis, and com- 
pletes the cavity receiving it. The ulna is always styong/jr tluift the radius ; but both 
are long, slender, and nearly slloight bones, so articulated together as to admit of 
scarcely any rotation which adds to the resisting power of the win^ in the action of 
llight. The upper port of the ulixa, or ** olecranon, '* is short. In the tendon attached 
to it a separate ossicle is developed in* th<? swift, and two sheb* bones in the pen- 
gum. Tile ulna is often impressed by th^ insertions of the great quill-feathcrs of the 
wing. • 

Tlie bones of tlie hand are very Iflng and narrov/, with the exception of the two 
distinct or unanchylosed carpal bones ; these arc so wedged in between the antibra- 
chium, 61, 55, and tlio metacarpus, 57, as to limit tlie n|«tiona of the hand to abduction 
and adduction, or tliosc necessary for folding up and spreading out tho wing. The hand 
is thus iixed in a state of pronation; all power of flexion, axtonsion, and rotation ii 
removed from the wiist joint; so tluit the wing strikes lirmly, and witA tho full fi'rco of 
the depressed muscles, upon the resisting air. The part of the hand nuiubcred 57 in 
Fig. ‘if inelides the metacarpal bones of the digits answering to tho second, third, and 
fourth of the pentadactylo members, which are confluent at their jiroximal ends with » 
each other, and with the “ os magnum,** one of the carpal bones, now forming the 
convex base of tho middle metainrpaf. This metacarpal and that answering to the 
** fourth” digit are of equal length, and are also confluent at their distal ends; but tlie 
middle or “ tliird” metacarj)al is much the strongest. That answering to tho *“ second” 
digiU; if, is verj’- short, and like a more process from the third ; it supports two sliort idia- 
langes in Uio swan. Tho third mctacai^pal su])porj 3 throe phahingos, iH, tho fourtli a 
single phalanx, ie. All these are unrappod up in a sheath of integument, and arc 
strongly hound togcthei’ ; so that tho wing loses nothing of its powesr, whilst so much 
of th i^ypical striuj^uro of tho member is retained, that every bone can be referred to 
its corresponding b(Ae in tho most completely developed hand. « 

In ornithology the large quiU-fcathers that arc attached to tlic ul:y.ar s^e of the 
hand are termed “primariae,** or prim|U 7 feathers; those that^afe attached to the foare- 
ami are the secundari®,** or secondaries, and “tcctriccs,” or Ving-aoverts ; those 
which lie over tho humerus are called “ scapulariae,”* onseapiilarics ; and those which 
are attached tS) the short outer digit, tit, erroneously called the “thumb,” are the 
“ ^uriflB,” or bastard feathers. The bones of the leg do not present the same number 
of segments as those of the wing, ^hat corresponding ivith th^ carpus being* wholly 
blnnded with the ono that succeeds. ^ , 

The pelvic bones oSSse this contrast with those of the shiver, tliat are always 
anchylosed on either side into mie piece, ** os not at the Tnadiafi 
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I line^ whilst this is tlio ozily place w&ere the elements of the sca(jular apparatos are > 
united by bone. In t^e young bird the os inpomnatum is composed of three bones, i 
The ilium, 62„ is flattened, elongated, usually ai^hyloscd fo a very long sacrum : it 
forms the upper half of the joint for the thighbone, called cptyloid cavity.’* The 
pubis, 64, is very long and slender : it does not moot its fellow at the middle lino in aUy 
bird save the ostrich, but is directed backwards, with its free ostremity bent down- 
I words. The pelris of the ostrich is so vast, that the pubic junction completing it docs ' 
! not impede the exit of the egg ; in other birds the open pelvis facilitates the passage df 
I that large and brittle gonerdtive product. Vho iscSiiupi, 63, is a simple filongated bone, 

\ extending from the ootyloidrcavity backwards, parallel with the ilium ; it sometimes 
I coalesces,* as in the swan, with l\r>th the ilium and pubis at its distal end. 

The cotyloid cavity is incomploto behind, knd is closed there by ligament. The 
1 femur, 6.5, is a short, ^ylin^cal, almost straight bone ; the head is a small hemisphere, i 
! presenting at its upper par( a depression for the “ roufid ligament.” The single large j 
I “ trochanter” gentp^y rises above the articular eminence, and is continuous with the j 
j outer side of t^e shaft. The oiihco fbr the admission of air is situated in the depres* ' 

I sion between the trochhnter and head. The distal end presents two condyles, the inner | 

I one for the inner condyloid cavity of the tibja ; frio outer one for the outer cavity of j 
I the tibia and for the fibula ; the outer condyle is produced into a semicircular ridge, ' 

' which passes between the tibia and fibula: this Hdgo puts the outer elastic ligament on ; 

' the stretch, when the fibula is passing over the condjdo, and the fibula is pulled into a ‘ 
groove at the back of the coa^^le, with a jerk, when in extreme flexion ; this spring- 
I joint is w'oU cA)mplified in both the swan and water-hen. 

! The proximal end of the tibia is divided into the two shallow condyloid cavities 
I above noticed: *two ridges aro extended from its upper and anterior surface: the 
j strongest of these is the ** procncmial” ridge, and is slightly bent outwards : the shorter 
one on the outside of is the ectocnemial” ridge ; they ore usually r:miteh above 
• by a transverse ridge, called ** epicnemial” ridge ; this is developt*d into a long 
process in the divers, grebes, and guillemots ; a fibular ridge projects slightly fh>m the 
upper third of the tibia fbr junction with the fibula. The distal end of the tibia forms 
a fransverse pulley or trochlea, with the anterior borders produced. Above the fore port 
of the trochlea is a deep depression, and in many birds an osseous bridge extends 
across it. ** 

The third segment of the leg, ^9, is a compound bone, consisting originally of one 
< proximal piece, short and broad, presenting two articular concavities to the two thick 
and roun^ borders of the tibial trochlea, of three metatarsals which coalesce with each 
other and with the above tarsal piece, and of one or more bony processes which are 
ossified from the back part of the proximal piece, or from the ^ximal ends of the 
mctatarsfls, lyid which, from their relations to the exthnsor tendons, are called cal- 
caneal”. processes. |no8t birds a small rudin^ontal metatarsal, supporting the inner- 
most toe or ^‘dialluxt*’ «, is articulated by ligament with tho innermost of the coalesced 
metatarsals, and is properly tin Auded in the same segment of the limb. The three 
principal metatarsals are interlocked together before they beoome andiylosed, the 
middle one being w'edgcd into the back part of the interspace of the two lateral ones 
above, fuad into tho :(pre partebelow, passing obliquely between them. The period at 
whioh these several cpnstituonts the “ tarso-metatarse” coatesce is shorter in the 
birfis that fan fly than in those that cannot; and the extent of the coalesoence is least 
in the penguins, in which tie true nature of the compound hone is best seen. 
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The modific^pons of the tarso-motatarfic arp chiefly uiouifeelted in its relative length 
and thickness, in the rdativo l^gth of tho three metatarsals, and in the numher and 
complexity of tho calcaneal procfiLei. ' 

Tho inner of tho tw 6 cavities !«• tho condyles at tho proximal cnll of tho bone is tho 
entocondyloid” ca^’ity or surface^ tho outer one the “ cctocondyloid” surface; they 
are separated by an “ intorcondyloid” tract, from the fore part of which there usually 
rises an intcrcondyloid tuberosity. Tho cntocondyloid cavity is usually tlio largest and 
■ dcjjpest : it is so in the raven, in which tho base of the intcrcondyloid tubercle extends , 
over the whole of tho intercondyloid sprijc. There are thi-ed calcaneal processes : one, 
called the ‘‘ cntocalcanoal,’* projeots below tho ^ntoc^ndyloid cavity, and from 
the back pait of the upper end of the entometatarse ; a second, calledi»tlie “meso- 
calcancal,” frojn the intcrcond3doid, tract and tho ?nesoinotatai*BC, and tho third called 
“ cctocalcancal,” from behind th‘c octocondyloid cavitj’ and the ectomciatarse. These 
three processes are united together by two transverse pliftcs cii-cumscribing four canals, i 
two smaller canals being further carried between tho eiito- and mcso-calcancalproccsscs. | 
The primitive intorossgous spaces are indicated by two small foramina at the upper and I 
back part of the shaft, which converge js tlicy pass forward, rnd terminate by a single 
foramen at the fourth part of the an*#irior concavity. A similar minute canal is retained 
between the outer and middle suotatarsafs, near their distal ends ; each mctatarbol then 
becomes distinct, and developcs a convex condyle for tho proximal phalanx. Tho middle 
one is the largest, and extends a little lower than the othei* two ; it is also impressed by 
a median groove ; the more compressed lateral conqjjJos arc simply convex, and arc of , 
equal length. A rough surface, a little way above the inner eondylo, indicates the place : 
of attachment of tho small metatarsal of the hallux. . j 

In tho swan and otlier anserine birds the calcaneal i)rominonco iJrcsents four longi- j 
tudinal ridges, divided by three open grooves, tho iunermost ridge being tho largest ; j 
tho tJiaft pi subquadrate, with the angles rounded, and none of the surfaces are chan- \ 

, nellcd. The inner coudjie scarcely extends before the base of the middle one ; tljo i 
canal perforating the outer intcrcondyloid space is bounded below by tw o small bars | 
passing from tho middle to the outer <ci«idyle, and which bars define the groove for tho 
adductor muscle of tho outer toe. • I 

The tarso-mctatai'so of the diver {colymbtta) is remarkably modified by* its extreme 
lataral compression. Tlie onto- and ccto-calconca aro prominent, oblong, subquadrato i 
plates, inclining towards each other, but not quite circumscribing a wide intermediate 
S2)acc. The broad outer and inner surfaces of tho shaft ore nearly flat ; tlio naiTow 4 
fore and back surfaces arc channelled ; flio anterior groove leads to tho wide# canal, per- : 
foral^g obliquely the shaft above the outer intcrcondyloid space, from Avhich a narrower 
canal conducts to Jiat interspace. The middle and outer trochlea) arc nearly cquplly j 
developed ; the inner one Bt<^s short at the base of tho middle one. ^ ^ | 

The number of toes varies in different birds ; if tho spur of ^tho cock bo regarded as | 
a rudimental toe (which, is not, however, my view of it), it may* be held to have five ' 
toes, while in the ostrich the toes are reduced to two. « Birds, moreover, aro the only ! 

« class of anirndls in which the toes, whatever be their number or relative size, always ! 
differ from one anbther in tho number of their joints or phalanges, yet at the same time 
present a constancy in that variatidn. « ^ • 

The innermost o# hack toe, * (Fig. 24 ), answering, as I believe, to tho “ hallux,” or 
innermost digit of the peniadactyle foot, hoe two pWangel ; the second to^ <V, bos t^cc, 
the third toe, ui, four, and tho fourth toe, «r, five phaloi^s ; 1 believe the too answer- 
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mg to the fifth in lizardfl^and other pcnti^^tyle animals to be waatix^ in the bird s 
fbot, and the spur, sometimes single, sometimes double, as in Taoo diceScaratus, to bo a 
superadded weapon to tho«mctatarsc. As the tocsfinjnLho tridactylc emeu, cassowary, j 
and bustoi'd, have Vesxiectiycly three phalanges, fou^halanges/ and five phalanges, we I 
recognise them as answering to the second, third, ai£d fourth in other birds ; the tcr^ 
in the didactylc ostrich have respectively four and five i)halanges, and what is hen 
truly suggestive, the outermost, which is much tlic smallest and shoitcst toe, has thr | 
greater number of joints, viz., five, thus retaining its omlthic typo, as tlie fourth, ^or „ 
outermost) toe. ' * • t 

The entire form of the bodj’, and consequently thi/L of its bony franfework, in a 
bird, has spcy’ial reference (o the power of flight. The trunk is an oval witli tho largo 
end forwards. The vertebral eoluiiln of this part i| short and almost inflexible, so that 
tho muBiiles act*to great advantage ; the spine of the heck being long and flexible, the 
centre of gravity is readily chdoged from above the fese^-as when standing or walking 
— to between and beneath the wings during flight ; when suspended in the air the 
bird’s body naturally falls into tliat positiaa, which throws the centre of giavity beneath 
the wings, Tho ‘axis«of tmotion being situfitc^cl^ in a different place in. the line of tho 
body when walking from that which is used when to’ing, the diserepanej' requires to be 
compensated by some means in all birds, in order to enable them to i)erform flight with 
case. Kaptorial birds take a horizontal position when sus])cndcd in tlie uir, and tho 
comp<!n3ating power consists in their taking a more or less erect ijosilion when at rest. 
Another class, including tlie wo^icclaa-s, wagtails, «kc., take an oblique ])osilion in tho 
air ; with these the compensating power consists in their cleaving and passing through 
the air at an angle coincideijt with the jmsition of the body, and perfonniiig fliglit by a 
series of curves or 'saltations. Natatorial birds sometimes need very cxteiulcd flight; 
they take a very oblique position in the air, strolch out their legs behind and their j 
nock in front ; they have the ribs greatly lengthened, tlic integuments of the ah^)men 
are long and flexihlo, which enables them greatly to enlarge the abdominal portion of I 
their bodies by inflating it with air ; this causes a decrease in tho specific gravit}' of j 
that part, and raises it to a horizontal position ; the (jompciisating power consists in the | 
j)ostoi’ior half of the body becoming sinujifically lighter, while the specific giavity of ! 
the anterior liaK remains unaltered. When they alight they drop the legs, tluow back 
the trunk hy bending the knee-joint, and bring the bead over the tninlt i)y a graco^ful 
sigmoid curve of tho long neck, as in Fig. 24 . The act of swimming is rendered easy 
by the specific gravity of the body, by tho hoat-like shape of tlic trunk, and by tlie 
conversion the hinder extremities into oars, in consequence of the membranes uniting 
the toes together. Tho eflhct of these wch-fect in water is further assisted by tho toes 
havjng their memhranefl lying close together when carried forwards ; whilst, on the 
.ontrary, they are expanded in striking backwards. Tho oar-lilcj action of tho legs 
is still fmther favoured by their backward position. — an ari’angemeut, however, wdiich is 
unfavom’ahh; foy walking,*' * 

Borelli was tho first who, jbyu comparison of the anatomical peculiarities of the 
humon firome and the structure of birds, demonstrated, to a certain extent^ the impossi- 
bility of tho realization of tho chciished project of flying by man. ZIe arrived at this 
concliisioa from a comppison of^the form and strength of the muscles of the wings of 
birds with tho corresponding muscles of the human body. ^ 

Fomus ii tltc Skeleton in the Class SKaminalia.— In the class 
MsiUmolia, Twch includes tSe hairy quadrupeds with tlio naked apodal whales and 
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I biped man, the^orm of tho animal is modified for a great diversity of kinds and spheres 
i of locomotion. Some live exclusively in tlio ocean, and cleave the li(|uid element under 
I the form and with the^ locomotJ^ powerS of fishes; somo 1 [i'e<][uei]|^ tho fresh waters; 
i some pass a subterraneous cxis^icc, and work their way through the solid earth ; 
j some mount aloft to seek and seize their prey in the air ; some pass their lives in 
i trees ; most, however, dwell on tho earth, -with various powers of waJkinjj;, running, 

I and leaping. Lastly, man is modified to PAistain his frame erect on tho hinder, now 
t bacomc in him tho lower, limbs. * 

I In the jy^ammalioii class, j^ccd^dinglf , we find the liflibs progressively ciidowt'd with 

! more varied and complicated powers. * They retain i^ the ^etacm (whale and porpoise 
tribe) their primitive form of flattened fins; in ^e Ungulata (lioofcd llljasts) one or 
: more of the digits acquire the fylltJornplcmcnt of joints, but have thc,cxtrcmity enve- 
loped in a dense hoof; in the Unguiculata (quadrupeds w'itli claw’s) tlie limbs, witli 
amxdcr inoportions, have th(? digits liberated, and anri^d with claws confined to the 
uj^per surface, leaving the under surface of the toes frcsc for thfycxercise of touch ; in 
the mole tho hand is shortened, thiekencc/J expanded, and converted into a sort of 
spade ; in the bat tho fingers arc lengthefied, attenuated, aifd made outsti'ctchcrs and 
I supporters of a pair of wings ; ifi thg Qiiaufrumana (ape and monkey tribes) certain 
; digits are endowed vrith siiocifll offiex's, and by a particular position eilablod to oxqjose 
' the others, so as to seize, retain, anfi grasp. Lastly, in Man the offices of support and 
locomotion are assigned to a single pair of members ; the anterior, and now the iii)pcr, 

* limbs being left free to execute the various i)urpos'i»of tlie will, and tenninated by a 
! hand, wdiieli, in the matchless harmony and adjustment of its organiAition, is made the 
suitable instrument of a rational being. • ^ 

111 contemplating and coinpaiing the skeletons of a series of mammals, the most 
striking modifications are obstjrvable in the structure and proportions of the limbs. 

Then^arc a few osteological characters in which all mammalia agree, and by which | 
they differ from the lower vertebrata; and some have been suiiposed to be peculiar *to | 
them that arc not so. The ]>air of occipital condyles, c. y., developed from the ] 
c\r)cci];)i tills, am a repetition of whaf \vc saw in the butvachia. The flat surfaces of the ' 
, bodies of tho trunk- vertchrm were a character of many extinct reptiles ; hut* these I 
purfjiccs in mammals are developed on separate epiphysial idates, w'hich coalesce in I 
. llfb course of growth with the rest of the centrum. Moveable ribs, projecting freely ' 
(ificurapophyses) in the cervical region, may be ^ound in a few cxceiitional eases (sloths, | 
; monotremes) ; bon3»- sternal ribs (hmmapophyscs) exist in most Mdmiala ; a coracoid • I 
; extending, as in birds and lizards, from the scapula to the sternum, with /ii “ cpicora- i 
j coidfl’ as in lizards, is jnesent in the monotremes (idatypus or duck-mole, and echidna 
! or spiny ant-eatci^ of Australia) ; tho cotyloid cavity may be perforated in tho sath® low ' 
j mammals as in birds ; tho digits may have the X)halangos in varying number in tho 
same hand, and exceeding throe in ^fie same finger, e. y., iujthe whale tribe. Uht tlie 
following osteological characters are both common and peculiar to thc^mammolia. The 
squamosal, 27 , or second bone of the bar contindedp backwards from the moxillaiy' 
arch, is not only expended as in the chclouia, but develops tho articular surface for the 
mandible, and this surface is either concave at some port or is flat ; each half or ramus 
I of tho mandible is ossified from a single centre, aJd consiats of one piccS ; and the 
I condyle is cither cdhvex or is flat, never concave^ Thc^pfesphenoid (centrum of the 
j parietal vertebra) is developed distinctly from the basiyhenoid ; it may become con- 
I fluent, but is not connate, therewith. 
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One known mammal (the three-toed shtli) has more, and one (the manatee or sea- 
cow) has loss than seven vertebim of the neck. the rest of the class those vertohrse, 
which have tho plojirapophyscs short and usilally ancl^losed, are seven in number. 

Skeleton in the Cetacea ot Whale In thc'slccleton of the whale 

(Fig. 25), which to outward appear- j 
aiice SGCins to have as little neck as a | 
fish, th(‘re arc as many cervical ver- i 
tchraj as in the long-necked giraffe : * 

this is a vtJry striking instance of 
^adherence to type within tlie limits of 
a edasH : the adai>tation to form and 
finction is effected by a change of ; 
proportion in the bones ; the cervical 
verlcbrcC in tlio whale arc flattened 
from before backwards into broad thin 
plates ; in the giraffe (Fig. 30) they 
arc produced into long suhcylindiical 
roKE-siioiiTKNKD VIEW OP THE 8KKrETo>f oi' A WHALE botfcs. In the whalcs thc movements 

(//tf/rtjwowicra ftotiiJi), &I10W1NU ITS uelaum: SIZE lo* ^ 

^ ^ of theso vertebra) ui^on one another ^ 

are abrogated, and in thc grampus ! 

and poipoise thc seven vertcbim arc blended together into a single bone ; they thus give 
a firm and unyielding support to^'c large head, which has to overcome the resistance 
of the water wheiFtho rapid swimmer is ch'aviug its cf)iu’so through that element. The i 
dorsal vertebrro are charactcFi;5cd in all manmialia by the sudden increase in the length 
and size of the ribs, which, in a certain number of these vertebra), including the first, are 
joined to u breast-bone by a commonly cartilaginous, rarely osseous, i>art. Thc first rib is 
remarkable for its great breadth in the whale ; this and a few following ribs arr joined to 
a %hort and broad and often perforated sternum (Fig. 25), Ko. 60 ; the remainiug ribs are ' 
free, or, as they would be called in Human Anatomy, ** false. * ' They are ai*ticulated to the i 
ends of diapophyses, which progressively increase iA* length to tho end of the dorsal scries. 
Then Tol low vcrtcbric without ribs, answering to those called “lumbar.** Thc whole i 
hinder part of the trunk of whales being needed to effect the strokes by which llicy arc ■ 
propelled, its vertebra) arc as free from anchylosis as in fishes ; there is consequently i 
no “ sacrum,** and tho caudal veriebr^) are comitcd from Iho first of those that have 
“ chevron bones ** articulated to theii- under i^ort. This special name is given to the ■ 



vertebral clients called “hx*mapomophyscs’* (see Fig. 26, A), which are articulated in i 
cetacea as in crocodilia, directly to the under suiface of the centrum, ‘and, coalcscij«g at ; 
theiv opposite ends, devcloi)e thence a “hsenial spine,** and form U “heomal** canal I 
analogous to, but not homologous witli, that in fishes (compare No. V, A, with No. I, pj 
in Cut 10, p. 182). Tho /ijpudal vertebra) of -whales further differ from those in fishes 1 
in retaining the ti-ansv&sc processes, and in becoming flattened fi’om above downwards^ ! 
without coalesciug. These modificStions relate to the support of a caudal fin, which is j 
extended horizontally instead of vertically. ' [ 

Whales and porpoises progress by bounding movements or undulafions in a vertical t 
plane, anff their necessity of coraeng to the surface to inhale tho air directly, as worm- i 
blood^ mammals, calls f^ a modificq^on in thc form of tho main swOmming instrument, 
ib may hsat adapt it to effect an cosy and rapid ascent of tho head. 

Ithe couTBe of thc -whale is^topped and modified by the aotiou of the pectoral limbs, I 
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■whioh are th^bame parts as those in fishes, hut constructed more after ti[ie higher x'er* 
tobrate typo. The digital rays^o toot expeed five in numb^* ; but they consist of many 
flattened phalanges, tod are cwcloped in a common sheath of integument. A radius, 
6(5, and an ulna,*64 (Fig. 25), si^ort tlic caipal scries ; but, instead of being direcily 
articulated to the scapular arch, they arc susj)cnded to a humerus, 53 : this is a short, 
thick bone, with a rounded head. The scapula, 51, is detached from the occiput, has a 
, short, stunted, coracoid anchylosed to it, and is Uius freely suspended in the flesh ; it 
levelopes an acromial process ;» the u]na, 64, is produced upwards into on olecranon. * 
AVith all those marks, howcvlT, of adl'iasion to the mammalian typo of foro-axm, tlie out- 
ward aspect of the limb is as simple as is that of the fish’s fin ; it moves, ^ by one joint, 
upon the trunk, and is restricted to the functions %f a pectoral fin. 

In tho huge skull of the whale the broad vertical occiput may bo%ioticcd, by which 
the head is comiocted, throufjji Hie mediiunof a short it>nsolidatcd neck, with tho tinnk; 
the whole cranium seems to have been compressed ahovc, from before backwards, so 
tliat the small nasal bones, 15, articulating oivith the short and fery brood frontols, form 
the highest part of ^c skull. The h}ng^axillai'ies, 21, ai^d prcm&&ullarics, 22, extend 
backwards and upwards, to artici^ato with the nasals, and comidetc with them the bony 
entry to the air-passages, situated sfi faYOuinbly at the summit of the ( ranium. The 
nostrils, formed by the soft parb* guarding that entry, are called “ blow-holes j” they 
j are double in the wdialcs — ^single in tho smaller cetacea. In tho whales tho “ baleen” 
j or “ whalebone” plates are attached to tho palatal surface of the maxillary and pre- 
i maxillai-y bones ; the expanded toothless mandible 8ui>poi-ts an ^normo\is under lip, 

I “which covers the whalebone plates when the mouth is slyit. Tho skeleton of the great 
I finner whale {fiahonoptera hoopi)y from wliich tho foreshortened view (Out 25) is 
j taken, Avas ninety-six feet in length ; the relative dimensions of man is given by the 


j ou^incs of the skeleton at its side. No known extinct animal of any class equalled 
this living Leviathan in buUc. ^ 

There are a few whale-like mammals, equally devoid of rudiments of hinder limbs, 
which obtain their sustenance from sca-woeds or sea-side herbage. They have teeth 
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adapted for broiling such substances, and tho moyemGzi{s of tho head in grazing 
require the corvical vertebrae to bo unanchylbsed ; these *are, however, shor^ and in 
the manatee but six in number. In tho dugong (FJg. 26), one of &ose herbivorous 
sea-m amma la frequenting the Malayan and Australian shores, tho upper and lower 
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jaws are singularly bent down, and the upi^T jaw is armed with a pair of sliorl tusks. 
The bones of. all these cotteoa arc singularly mass?^re^nd compact. Three or four of 
the anterior thorocirf ribs are joined to a slcmum — ^thjjjjSust are fide. One of tlio vertebraj 
intervening between the costal and caudal scries haf'ri coimcctcd with^t a simple pelvic 
arch, in which the ilium and ischium may bo recognised, and a still more i-udimental 
condition of such arch is suspended in the inguinal niuscles of the line cetacea. 
Most of the caudal vertebroo (Fig. 26), ed, of the manatee and dugoiig, have loijg 
diapophyscs, and hromal afchci? (Fig. 26), A. f The tcnuinal vortchrm arc flattened 
horizontally. «> * 

The laclciil organs of tSo dugong are placed on the breast, and the pectoral fins, in 
the fdmalo at least, are applied to claifp the young ; «^d the animal so observed, with its 
own head and that of it^ young above water, has given rise to the fable of tho siren 
and mermaid. The bones and jAints of tho pectoral fin ars accordingly better developed 
than in the ordinary whales. ^The first row of caipal hones, 56, consists of two — one 
articulated to the l adifts, 55, the other to4he ulna, 54, and fifth jiigit, 57, v, and both 
to the single hone* ropftse^iiting the second low.. The first digit, r, consists of a short 
mctacaipal ; the mctacoi-pals of the others support citf:h three phalanges. 

Skeleton of the Seal. — In the seal tiibo {l*hocid<d) Miothcr and well-marked stage 
is gained in tho development of the terrestrial ihstrumenls of locomotion. Hind limbs 
are now added — the mBrino mammal has become a quadruped. The sphere of life of 
the seals is near the shores ; they gjten come on land ; they sleep and bring forth among 
the rocks and littorj^l caves : honeo the necessity for a bettor development of the pectoral 
limbs, although these, liko the pelvic ones, still retain the general form of fins. Tho 
£;L.h-hunting seals malkc more use of tlio head in independent movements of sudden 
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extension, retraction and quick tunu to the right an^ left, than do the cetacea of like 
diet ; and ttie walrus (Fig. 27) wdrks the head, as tlic place of attachment of its long, 
vertieal, down-growing tufsks, ^in vari^ movements required in d&bcrihg over floes 
and bei^ of ic«i Accordingly, ^ tho seal tribe wo find the seven neck yertebras (f5.) c, 
longer, and with more finished and fl:ee-pla}nng joints than in tho whales and dugongs. 
The sigihoid curve, in which they can be thrown during retraction of the head, exceeds 
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that ill most othal mammals, and almost reminds one of the extent of flexion of this part 
of the spine in birds. I * • • 

In the walrus, the sl^lcton of ^ich is here selected to exemplify jthc pliocal modi- 
fication of the mamRiRliau skcleton^c vertebral formula is 7 ccivical, (-, 11 dorsal, 
D, 5 lumbar, L, 3 sacral, S, end 9 caudal, ed. As, in consequence of the pn'scnco of 
hind-limbs, a sacrum is now established, the characters of tlic above five kinds of body- 
vertebra), as defined in man and other mammals, may hero be given : the (‘ervic al or 
*ncdk vertebra) “ have perforated transverse processes,” the dorsal vertebra) “ bear ribs;” 
the lumbar wrtebi a) “ have imper/orato^ansverso processes and no ribs the sacral 
vertebra) “ arc anehylosed together the rest arc caud:il vertebra) whatever their luodi- 
j fications. In tlio above characters, the term “ rib” ^ given to the vortobhd element 
calk'd plourapopbysis,” when this ft long and movcahlc ; that element may be, and 
often is, present, hut short and fixed, in both cervical, lumbar, Sacral, and caudal verte- 
bra) ; in some mammals, nionotremcs, the pleuro|)ophysi3 may remain unan- 

chylosed in some of the ncck-vertebro), but it w short, like a transv#rsc process ; and the 
so-called “perforated trtnsvcrso process” in aU mammals consists ofJ;ho diapophysis, para- 
pophysis, and i)lciirapophysis ; the hole bfiingthc interval hctwcfti those parts : in the lum- 
bai* vertebra) the pleurapox)hysis is sftort^nd confluent or connate with the diapophysis. 

Returning to the' skeleton of the walrus, we find that nino pairs of ribs directly join 
the stcmTUii, which consists of eight \)ones. The transverse processes of the last ccivi- 
cal arc imperforate, consisting of the diapophysis only. The neural oi'chcs of the 
middle* dorsal vertebra) arc* without spines and veiy fi%iTow, leaving wide 7iu))rotccted 
intervals of the neural canal. The hones of the neck arc modified tft allow of great 
extent and freedom of inflection. The perforated transverse proccssjps of tho third to 
the sixth cervieols inclusive ai’o remarkable for tho distinctness of their constituent 
ports. Infonor ridges and tuberous processes, called ** hypapophysos,” are developed 
from somc^lorsal and lumbar vertebra). These processes indicate tlie great development 
of tho anterior vertebral muscles, tlie “iongi colli” and “psoro,” and relate to tlu: 
important share which the vertebrae and muscles of the tnink take in the locomotion of 
the seal-tribe, e.spccially when on dry land, where they may he colled “ ga8trox>()ds,” in 
respect of their peculiar mode of progression. Tho walrus alone seems to have the* 
power of supporting itself on tho fore fins, so as to raise tho belly from the ground. 
'J’herc is no tract: of clavicle in any seal. The upper part of the scapula exceeds the 
lower one ill breadth. Tho spine terminates by# a short and simple acromion. The* 
humerus is short and thick, and is remarkable for tho gi'oat development of tho iniu'r 
tuberosity and of ^e deltoid ridge, which is deeply excavated on its outenf side. Tho 
innff^condyle is perforated. The scaphoid and lunar hones are connate. Although the 
poUex or the first oigit exceeds the third, fourth, and fifth in lengtli, it presents its 
characteristic inferior number of phalanges, by which tho front border of the fin is ren- 
dered more resisting. Tho pelvic ar<ih is remarkable for the alwnted development df tho 
ilia, and the great length of tho ischia and pubes. Tho femur is equally peculiar for 
its shortness ^d breadth. The tibia and fibula proscht the more usual proportions, 
and arc anchylosqjl at their proximal caids. Tho bones r.f the foot are long, strong, 
and arc modified to form the basis fit, a large and powerful fin : the middle too is tho 
shortest, and the rert increase in length to the marginif of the ibot ; the inner toe has, 
nevertheless, hut two jdiolaages, the rest having thre^ plealanges, whatever their 
length ; and this is the typical dharacter, both as to the i|pmbor of the digifcs and their 
joints, in both fora and Mad feet of the tnammalia. 
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Tn tho living iralnu and seal the digits of each cxtivmity tav no^ only bound togc« 
fher by a common broad web of skin, but those of hind^Iimbs are closely connected 
with tlie short tail : bftng stretched ouft back^ms, they seem to form with it one 
great horizontal *caudal iin, and tliey constitute 1^ chief locomotive organ when the 
animal is swimming rapidly in tho open sea. Tuc long bones of seals, like those of 
whales, are solid. 

AVith regard to the skull in the seal- tribe, it may be remaiked that an occipito- 
sphenoidal bone is formed, as in man, by the coalescence of tlic basioccipital with the 


petrosal shows a deep transverse cerebellar fossa, ^d is perforated by the carotid canal 
Tho frontal fomis a small rhinenc-cphalic fossa, and contributes a very lai'gc proportion 
to tho formation of thtj orbital and olfactory chambers.* 

In Fig. 27, 62 is the ilium, G3 the ischium, and 64 tho pubes, 65 is the femur, or 
thigh-bone, 66 the ?ibia, 6G' the patcllaf>r knee-pan, 67 the fibijla, 68 the tarsus, and 69 
the metatarsus and* phalanges of the land-foot ; the numbers on tho other bones 
Com^spond with these in tho skeleton of the dugovg. 

Skeletons of Hoofed Quadnipeds-^Tlic Herse.~Thc contrast, as regards 
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traverse the surface! of the earth at the rate of foflr miles in six minutes and a half, as 
I was achieved by the noted racer ** Slying Childers.*' The mo^catioiw in the form 
I and proportions of the locqpiotive m^bers are accordingly extreme. C[he limbs in the 
1 horse ore as remarkal^e for their leng\ and slenderness, as in the seal for th(‘ir brcjvity 
’ and breadth. Both fore and hind limbs in the horse terminate each in a single hoof ; 

' the trunk is raised high above the ground, and is more remarkable for its depth than 
j breadth, especially at tlie fore part ; the neck is long and arched ; tlio jaws long and 
1 slender, being produced so as to facilitate the act of cropping the grass, and leaving so 
much space between the front tc^th,*t, andf the grinders, as permits man to insert 
the instrument called ** bit’* into the inoutK, whereby he mastew and guides his noble 
and valuable four-footed ally, as the ship is stcci’ed by^thc hedm. • 

Wore every animal constructed axi^cssly and exclusively for its own peculiar habits 
of life, and irrespective of any common pattern, it could scai-^^jly bcPexpected, bciforchand, 
that the same bones would be fouift in the horse as in the seal^ yet a comparison of their 
skeletons, Cuts 27 and 28, will demonstrate that this is, to a vciy grijgt degree, the case. 

The vei*tcbral formnlorof the horse is : — 7 cervical, C, 19 dorsal, lumbar, L, 5 
sacral, S, and 17 caudal. Eight pairs of fibs tlircctly join the sthmum, GO, wliich con- 
sists of seven bones and an on si form ctrtil^ge. The neural arches of the last flv(' cer- 
vical voitcbnu expand above intollattoned, subquadrate, horizontal plates of bone, with 
a rough tubercle in place of a spine ; *tlie zygapophyscs, r, arc unusually lai*ge. The 
perforated transverse process scuds a plcurapophysis, j»/, downwai'ds and forwards, and 
a diapophysis, backwards and outwards, in the third it the sixth ccr\’icals inclusive : 
in the seventh the diapophysial part alone is developed, and is imperforated The spinous 
! processes suddenly and considerably increase in length in tlfo first tjiroe dorsals, and 
attain their greatest length in the fifth and sixth, after which they gradually shorten to 
the thirteenth, and continue of the same length to the last lumbar, l^he Itimbar Jiapo- 
physes jire loftg, broad, and in close juxtaposition ; the last presents an articular con- 
cavity adapted to a corresponding convexity on tbo foro pari of the dinpophysis of the 
first sacral. The scaj)ula, 51, is long and narrow, and according to its length and obli- 
quity of position the muscles attached to it, \rhich act upon the humerus, operate with 
more vigour, and to this bone the attention of the buyer should ho directed, as indica- 
tive of one of the good points in a horse. The coracoid is reduced to a mere confluent 
knob.* The spine of the scapula, 51, has no acromion. The humerus, 53, is remarkable 
for the size and strength of the proximal tuberositiep in which the scapular muscles are 
implanted. The joint between it and the scapula is not fettered by any bony bar con- 
necting the hladc-bo^c with the breast-bone ; in other words, there is no clavfblo. The 
ulna, represented by its oleci-anal' extremity, 54, is confluent with the radius, 55. The 
03 magnum in tho sconnd scries of carpal bones, 56, is rcmoi'kable for its great breadth, 
corresponding to the enormous development of the m(*tacarpal bone of the middle toe, 
which forms the chief part of the foot.* Splint-shaped rudimc^its ^of tho mctacarpAls, 
answering to the second, and fourth, tV, of the pentodactylo foot, aro artidhlatcd respec- 
tively to tho trqpczoidos and the reduced homologuo of tl* undforme, Tho mid-digit, 
tVi, consists of the n|jetacarpal, called “ cannon-honc,” and of the three phalanges, which 
have likewise received speeial name in Veterinary Anatomy, for the same reason as 
other bones have received them in Human Anatomy. •• Pholai^eB** is tho “ general” 
term of these bones, & being indicative of tho claBs»to whi^ they belong, and “ hmm- 
I apophyses*' is the “ general” term of parts of the inferior ajjphos of the heat-segmexfts ; 

' and just as, from the modifioations of these hmmapophyses, they have come to be called 
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I "maxilla,” “ mandibula,” “ ccratohyal,” &c., so the phalanges of Jho horse’s foot are 
I called— tho first, “ great pastern hone,” the second, “ small pastern bone,” and the 
' third, which supports tho hoof, the “ cofiJn bone* '/jffa sesamoid ossicle betlrcen this and 
the second is called tho “ coronary.” Tho iliuTiyfe2, is long, oblique, and narrow, like 
its homotype, the scapula ; the ischium, C3, if unusually produced backwards. Tho 
extreme points of these two bones show the <;xtcnt to which tho bending muscles and 
extending muscles of tho leg tire attached ; and according to the distance of these points 
• from tlie thigh-bone tho angle at w'hich they ai'c therein inserted becomes < more 
favourable for their force ; tho longer, therefore, nhd flic more horizontivl tho pelvis, tho 
better tlio hind-quartet of horse, and ift’ qualities for swiftness and maintenance 
of spe< d \lcpi’nd miieh on the good point ” due to the development of this part of 
tho skeleton, Tho femur, 05, is characterized by a, third trochanter springing from the 
outer part of tlio shaft befoj^^i the great trochanter. There is a splint-shaped rudiment 
of tlic proximal end of the ^fibula, 07, but not any rfaliment of the distal end. The 
tibia, GO, is the ch^of bone of the leg. The liocl-bono, “ caloancum,” is much produced, 
and forms wliqt is called tho “ liock.” ‘‘The astragalus is characterized by the depth and 
obliquity of the suporiBr trochlea, and bjf'thc'cxtcnaivo and undivided anterior surface, 
whi(‘h is almost entirely appropriated by tli^ na1»iculare. Tho external cuneiformo is i 
I tho largest of tho second series of tarsols, being in pfhportion to tho metatarsal of the | 
j largo middle digit, m\ which it mainly supports! Tho diminished cuhoidcs articulates 
I partly witli this, partly with the rudiment of the metatarsal corresponding with that of 
I tlxo fourth toe, tv, A siniilawridiment of tlie mctataisal of the toe, corresponding with 


that of tho second, it, articulates with a cunciformc niedium — ^licrc, however, tho inner- 
most of the second serioff of tarsal bones. 

Of all the otter knowax existing hoofed quadrupeds, it would hardly ho anticipated 



SKELETON OF TH» KHINCM3EROS. 


2:35 


be ciaccd in tho anAals with toes in even nnmficr, as compared with the horse and 
(Uhcr odd-toed hoofed quadrupeds. Ili m exti:qct kind of horse {Jlippopothcnuni)^ tho 
' two splint-bones are more dtfv'clopcd, aM each supports three phalanges, tho last being 
provided with a diminulivu hoof. In tl\extinct Paleeotheria tlic outer smd inner digits 
acquired stronger propoitions, and the entire foot was shortened. The transition from 
the Talmoiheriay by tho extinct hornless rhinoceros {Acerothtriunx)^ to the existing fonns 
1 of rhinoceros, is completed. In the skeleton of the rhinoceros wo find resemblances to 
I the horse in the number of the dorsal vcjtobrm^in tho third troyhartfor of the fennu’, and 
. in the numb(‘r of digits on each foot, •albeit thj^two that are hidden and nidimcntal in tho 
svufter quadruped arc hero made manifest in llieir full dcvilopniAit : tho concomitant 
shortening of the whole foot, and strengtlicning of tiu# entire limbs, accord with tho 
greater weight of the body to be supportco, clad as it is with a coat-annour o^tbickened 
tubcrciilated hide : the broader fe^, terminated each by tliicjc hoofs, afford a bolter 
I basis of support in the swampy localities aifcctcd by the? ihinootros. lloth scapula? and 
; iliac bones are of greater breadth, and loss length* Tho ulna is fully ^ev(?lojjed in tho 
foro-Umb, and the fibula m tlio liind-leg; but^lhcro is no power of rotation of the 
foro-liuib ill ai\y hoofed quadi’uped. The iipiier surface of the skull is roughened for ^ 
Iho attachment of tho horn, and in t^vo distirffjt idaces where the species has two homs . I 
If tho equine skull he compared witji that of the rhinoceros, the ba-^ioecipital will f 
' bj seen to bo narrower and more convex. The true inastoid intervenos, as a tuberous ’ 
process, between the post- tympanic? and paroccipital processes, clcmly indicating tho 1 
li’ut' nature of the post-tympanic in the rhinoceros ; the^fapii* shows an intt?rmcdiatc 1 
condition of the mastoid between tho rhinoceros and horse. JTho latter difters from 
both the tapir and rhinoceros in the outward production of the sharp roof of tho orbit 
and the completion of the bony frame of that cavity behind by tlie junction of tho 
postorbituV process with the zygoma. Tho t(?mporal fossa, so defined, is small in pro- 
portion to the length of tho slcuU : the base of the postorbital process is perforated by a 
supcrorbital foramen ; the lacrj^msil canal begins by a single foramen. The prcmaxil- 
larios oxtmd to the nasals, and shut out*tho maxiilaries from the anterior aperture of 
, the nostrils. The chief marks of affinity to other odd- toed hoofed beasts 
I are seen in the shape, size, and formation of tho posterior aperture of the nostrils, the 
major part of which is bounded by the palatine bones, of which only a small portion 
enters into the formation of the bony palate, which terminates behind opposite the , 
interspace between the iicnultimatc and last molorhff A narrow gi'oove divides the 
palato-ptcrygoid process from the socket of tho last molar, as in tho tapir and rhinoceros. [ 
! Tho pteggoid procesa«has but little antcro-postorior extent : its base is perfoiCted by j 
the ectocarotid canal. • Tho entopterygoids arc thin plates applied like spUpJts over tho t 
inner side of tho squamous suture bctwccii the pterygoid processes of the palatines and* i 
I alisphonoids. The postglenoid process in tho horse is less dcyelopcd than in ihb tapir. 

! The oustachian process is long and stylifBrm. There is an antcrhfr gondyloid foramen, 
and a wide ** fissura laccra.” The broad and convex hasps of the nasals articulate witli 
I the frontals a little behind the anterior boundary of the *orbits. The space between ‘ 
the incisors and molars is of greater extent than in the tapir ; a long diastema is not, , 
however, peculiar to the horse ; and, although it allows the application of the bi^ that j 
application depends rather upon the genersd nature of horse* and its consequeni ; 
snsceptibilLty to be broken in, than upon a particular structure Vhich it possesses I 
common with tho ruminants and somo other herbivora. • ' * ! 


The tanir and the rock cony have four dibits on each fiore-foot and three digits ) 
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on cadi hind-foot ; hut they rcsofahlc more the horso and rhirioceroa than any other 
Ungulata. If the ostcologlcal ehoracters of ^eihoofcd animals with the hind digits in 
iincYcn number bo \:omparcd together, they yfjl be fompd to present, notwithstanding 
the differences of foim, proportion, and size A-esented by the rhinoceros, hyrax, tapir, 
and horse, the following points of agreement, which are the more significative of natural 
affinity when contrasted with the skeletons of the hoofed animals with digits in even 
number. Thus, in the odd-toed or “ perissodactyl®** ungulates, the dorso-lumbar ver- 
! obrso differ in different Bi)ccios, but are never fewer than twenty-two ; the ffcmur has 
iTg. 30. ** t a third trochanter, and the me- 

• c dullary artery does not penetrate 

f the fore part of its shaft. The 

fore part of the asti-agalus is 
divided into two vciy unequal 
facets. The os magnum mid the 
digitus niedius which it sup- 
ports is large, in some dispro- 
portionately, and the digit is 
symmcti'ical ; the some applies 
to the ectocunciform and the 
digit it supports in the hind- 
foot. If the species bo horned, 
the horn is single ; or if' there 
be two, they aro placed on the 
median lino of the head, one be- 
hind the other, each being thus 
a single or odd liom. There is 
a WTll-develope^l posl-tympanic 
process, which is separated by 
the true mastoid from the par- 
occipital iu the horse, but miitcs 
with the low'cr part of the par- 
oceipitol in the tapir, and seems 
to take the place of the*niastoid 
in the rhinoceros and hyrax. 
The hinder half, or a larger 
piuportion, of the palatines en- 
ters into the formatilCFii of the 
posterior norcs, the oblique aper- 
ture of which commences in 
advance of the last molar, and, 
in most, of the penultimate one. 
The pteiygo\d process has a 
broad ai^d tbidc base, and is 
,BXXL»0K or THE oiaAFPE {Cameloj^ardalU giraffa), perforated lengthwise by the 
• t • ectocarotid. The crowns of 

the antepcnultimatei as ^ia'gII as«tbe penultimate and, last preinolars, aro as complex as 
those of ike molars ; tbayff the last lower milk-molar is bilobed. To those osteological 
and dental characters may he added some important modifications of internal structure. 
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as, e.ff.y tlio simple form of the stomacli, and thg capacious and sacculated coDCum* 
equally indicating thS mutual affinities of tho odd-toed or porissodactylo hoofed quad- 
rupeds, and tlicir claims to he regard;^ As a natural gi*oup of tUo Ungulata. Many 
extinct genera, e.ff., lopliiodonJtapirothe?iim, paheotherium, hippothcrium, accrotherium, 
macrauchenia, clasnioth^rium, coryiffiodlVj have been discovered, which once linked 
together tho now broken series of Pcrissodactyla, represented by the existing gemer?. 
rhinf)ceros, hyrox, tapynis, and cquus. 

Another series of hoofed quadrupeds is characterized by having their hoofs and digits 
in even number in both foro and hind foet.^ The majority^f tlieso have a pair, so 
doTcdoped as to servo as feet, and telminatodflby a pair of hoofs so shaped as tt) look like 
one split hoof, whence the name ‘‘ doven-footed ” given to fliis 2 )rcdominant fapiily of 
“ iirtiodactyle,’* or oven-toed beasts ; th^ynonpn “rumfnant,” indicative of tlio same 
gi’cat family, is deduced from the characteristic complexity of their agt of digciJtion, 

No food is more remote or distinct from flesh than grass. •Extremities enveloped in 
hoofs are incapacitated from seizing and retaining a living pro^, hence all hoofed mam- 
mals arc noccssarily herbivorous : hence tlic coflipUxity of their grindiil^ tooth, the con- 
comitant strength of their grinding muscle^ anjl weakness of thc,hiting ifinscles; tho 
length of the nock, to enable the head reach tho verdant earth, and tho length and 
slenderness of tho jaws. The absence of a flaviclc, and of any power of rotating the 
b.aics of fore-leg and fore-foot, are also ooustant charaetcrislics of hotli great divisions 
oi tho Vngtdata or hoofed quadriqieds. 

The ox, tho hog, and tho hippopotamus are exampk^ of even-toed hoofed qua- 
drupeds. In tho ox, besides tho two largo and normally developed hoojs, two small 
supplementary hoofs dangle behind, in each foot ; in the hog ^heso arc brought down 
to tho level of the mid-pair, hut arc smaller ; in tho hippopotamus tho four ffigits and 
hoofs are suhoqual on oaeh foot. Erom this tj'po of extremity to that of the giraffe, or 
camel, wlfcro t^e digits arc absolutely restricted to two on each foot, thenj is a close 
series of gradational short-comings affecting the outer and the inner toes, until tliey 
wholly disappear. *'Tho giraffe (Fig. 31), is a ruminant dwelling in climes where herbage 
disappears from the parched soil soon afte» the rainy season has terminated, and whcit* 
sustenance for a herbivore of its bulk could hardly he afforded, except by trees : it i^ 
therefore modified to browse on the tender branches, and chiefly of the light and 
lofty acacias. Its tnink is accordingly short, and raised high upon long and 
slcndci’ limbs, especially at the fore part ; a small and delicate head is Buj)ported on 
an unusually long neck. The niunher of vertchrco^hcre, however, accords with that 
characteristic of the mammalian class, viz., seven. They arc peculiar for the length of 
their Iwj^es. There aft) fourteen dorsal vertehrsc with very long spinous procesfes, and 
supporting long and slaider ribs, especially the anterior ones, seven pairs of which join 
tho sternum, which consists of six bones ; tho lumbar vertebrio arc five in niimhcr, the* 
sacral four, aud the caudal twenty ; this series is terminated in the living ^ninftd by a 
tuft of long, wavy, stiff black hair, foiAniug ail admirable wMskj:© drive off insect 
tormentors. The blade-bone, 51, is remarkably long ofid slender ; its spine or ridge 
forms a very lowluigle, and gradually, subsides as it approaches the neck of the scapula; 
the coalesced coracoid is a largo tuberosity. The humerus, 53, forms the- shortest of 
the thrbo segments of tho limb ; it is temarkablo for the gtrength of the proxirn^ pro- 
cesses ; tho second segment is chiefly constituted, as in all ruminaifts, by the radius, 55 ; 
tho slender shaft of the ulna, 56, which supports a long olecraifon, becomes blcndq^ 
with the radius, and lost at its lower third, but its distal «ad reappears a^ a distinct 
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]>Brt. The metacfi}*pals of the retained digits, answering to the third and fourth in the 
human and other five-fingered (pentadoctylc) hands, are blcnd€d together to form a 
single “ eannon-boi|^*’ of the voterinfirians } ^.t the nature of this is difieront&om 
that in the korse ; it divides at its distal end two wt^-formed ti'ochlco}, or pulley- 
joints, and to these are articulated the digj^ tit and eV, wMch each consist of three 
joints or phalanges. Thus the main extent of this singularly elongated limb is gained 
by the excessive development of the hand-scgjnent, restricted, however, to those ele- 
ments that answer to tlic middle and ring-fingers of the human hand. , 

The pelvis, of which jho sacral, S, il^c, 62„and ischial, 64, elements arc siiowm in 
Cut 31, is small in propoi*tion to tho anii^^al’s hulll. The femur, 65,*' is short like the 
humems, and chicjl;f remfftkablo for the great expanse of its distal end. The tibia, GO, 
forms the main basis of thrflcg, os its homotypo tho radius does in the fore-arm, 
but tjic fibula is more reduced thim in th<j ulna* rarely in any ruminant is more of it 
visible tlian its distal eRd, 67, w^edged in betwecij the tibia and the calcaneum. The 
series of tarsal bones, 68f is peculiar in all mminants for a coolcscenee of the two bones 
answering to Ihi “ scaphoid and cnj^oid” in the human tarsus. In all ruminants the 
astragalus u unysui^y symmetrical i^ tdiapc, -with a deep trochlear aiticular surface 
for the tibia, and two equal convex sm iUccs fo^* succeeding tarsal bones ; the calcancum 
is produced into a long “ hock." The rcA of the hpnes (jf the liind-ibot conform closely 
with those of the fore-fool. ^ 

A few remarks, although interesting chiefly to tilts professed anatomist, appear called 
for in rofercnco to tlie bony structui'c of tho head of the giraffe. 

Tho exoccipitals form a lifhirked protuberanetj above tho foramen magnum, and below 
a deep fossa, for tho iiijplantation of the ligamontum nuchm— tho length of tho dorsal 
spines being rdated, in all iiiminonts, to a due surface for tho attachment of this strong 
clastic support of the hesud and neck. Tho parietols arc chiefly situated on tho upper 
surface of the skull ; the osseous hom-corcs, which are originally distinct, become 
anchylosed in old girafles, across the coronal suture, equally to th*c parietal s and 
froutals : if one of these be divided longitudinally, it will show tho extension of the 
frontal and parietal sinuses into its lower fourth, the rest of the honi-oore being a 
solid and dense bone. The protuberance upon the frontal and contiguous parts of the 
nasal bones is entirely due to an enlargement of those bones, and not to any distinct 
osseous part : its surface i.s roughened by vascular impressions. The laci-ymal is 
separated ,from tho nasal by a large vacuity intervening between those bones, the 
frontal and tho maxillary, Tlio jremaxiUoricB, which arc of imusual length, ai-ticiilato 
with the nasals. Tho x^(^ti’otympanjic is a separate bone, as in all ruminants. The 
symph^'sis of tho lower jaw is imusually long and slender in thc«giraffo. 

In the skeleton of the Camel {Camlus haetrianus) tho verlqf)ral formula is— seven 
•cervical, twelve dorsal, sevou lumbar, four sacral, eighteen caudal. Seven pairs of ribs 
articulate directly with tho sternum, wliich consists of six bones, the last being greatly 
Expanded and profubarant below, where it si^iports the pectoral callosity in the living 
animal. Tho cervical regioi^ though less remarkable for its length than in the 
giraffe, is longer than in ordinary ruminants, and is remarkable for its flexuosity ; the 
Tortebrss are peculiar for tho absence of tho perforation for the 'vertebral artery in the 
transverse process, with the exception of the afjas ; that artery, in the succeeding cer- 
vicall^ entcars the bdek part 8f tho neural canal, and perforates obliquely the fore part 
of ike base of the n<^a];;^physisf> The costal part of the tranaverso process is large and 
4 nn 0 lfifqi% 9 i in the fburtb^o the sixth cervical vertebrae inclusive : in the seventh it is 
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I a Acrt protuberaxL^. The spinous process of Jho first dorsal ^suddenly exceeds in 

' length that of the lalt cervical, and Jncreascs in length to tbo third dorsal ; from this 
to twelfth dorsal the summits of^^hd spincS arc on almost the same horhsontol line, 
and arc expanded and ohtusc above, s .^taining the substance of the twd humps of this 
species ; they afford, however, no othcii indication of those risings, which are as iiido- 
peiidcnt of the osseous system as is the dorsal fin in the grampus or poxpoisc. The spinet, 
of the lumbai’ vertcbroc progrcsbiveJy decrease in length. The spine of the scapula is 
I)yodu4Jcd into a short-pointed acromion : the coracoid tubercle is large, and grooved 
below. The ri^ge upon the outer coitdj'le erf the humerus niiddi less marked than in 
the normal ruminants. The ulna has coalbsced more conmlctel:g with the radius, and 
appears to bo represented only by its proximal and distal extremities. 'J'hc carpal 
bones have the same number and airaiigcmcnt as in ordinary ruminants, but the pisi- 
forme is proportionally larger. There is no trace of the dijjits ajaswering to the first, 
second, and fifth in tlic pcntadac^lo foot : the metacarpals of those answering to the 
third iind fourth have coalesced to near their distal extrcnutics, which diverge more 
than in the ordinary rumijumts, giving a greater^pread to tlic foot, which is supported 
by tho ordinary three phalanges of each* of rfiosis digits. The rfasS phalanx deviates 
most from tho form of that in tbo ordimary^mminants by its smaller proportional size, 
rougher surface, and loss regular ftrm : it supports, in fact, a modified claw rather than 
a hoof. In tho femur tho chief deviation from the ordinary ruminant tji)c is seen in 
the position of the orifice of the canal for tho medullary artery, which, as in the human 
skeleton, enters tlio back i^art of the middle of the shaft, ,‘4id incfincs obliquely upwtuds. 
Tho fibula is represented by the iiTegularly-sliapt d ossicle interlocked between tho outer 
side of tlio distal end of the tibia and tho calcancum. The scaphoid is not confluent 
with tho cuboid as in tlie normal ruminant : the rest of tho hind-foot* deviates in the 
same mannci' and degree from the ordinary nimmant type, as docs the fore-foot. 

The iamob tribe have no horns : some small doer of the musk-family arc compen- 
sated for tho want of horns by very long and sharp upper canine teeth ; tho rest of tho a 
ruminants, cither in tho male sex or in both sexes, are endowed with tho weapons of 
offence and defence, developed from and ^pj)ortcdby the head, called “ horns” and “an- 
tlers.” Tho tenn “horn” is technically restiictcd to the w(*apon which is composed <of 
a bony base, covered by a sheath of true homy matter, Such horns are never shed ; 
and a», in order to diminish the weight of thO head, tho hom-core is made os hollow 
as is consistent with strength, tho ruminants wi^h such horns are called hollow- 
honied : tlic ox, the sheep, and the antelope are examples. Antlers consist of bone 
only. During the period of their growth they ai^ covered by a vascular, shojt-haired 
skin tte velvet ; buf when their growth is completed, this skin dries and ^els off, 
leaving the antler a%olid, naked, and insensible weapon. Being deprived, however, 
of its vascular support it dies, and, after a certain period of service, is imdcr^incj^ by tho 
absorbents and cast off. Tho process of^owth and decadence o^Jihc antlers is repeated 
each year ; and in the fallow-deer tho antlers progressively acquire gftater size and moro 
branchos to the sixth year, when the aniTTigl is in its pfin^. Good evidence has been 
obtained that the* some law of growth, shedding, and annual renewal pri vailed in the gigan- 
tic fossil deer of Irekthd, in which upwards of eighty pounds of osseous matter must have 
been developed from the frontal bones %veTy year in the fnU-grow^ animal. Th* rumi- 
nants of the deer and Elk tribes are those which have antlers, are “ solid-homed.” 
The horns of the giraffe are pccidiar ; they ore short and simple, are alwifys coyored i 

I by a hairy integument, and are never shed. They relate in ^sition to both thefr*ontal I 
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and parietal bonea. In all other runiuuuits^ tho horns arc developed from the frontals 
exclusively^ although they sometimosy as in tho ox, project from tne back part of the 
csranium ; but the froiftals, in such caserf, extedd /> that part. Tho horn of tho rhino* 
eeroa consists wholly of fibrous homy matter, jf ^ 

Fig. 31. 
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I'hc CTcn-locd hoofed animals tliat do not mminatc have no horns. Tlio osteology 
of this division's here iliuatratod in the hippopotamus (Fig. 31). Tho skeleton, in it® 
strength and massiveness, presents a greater contrast with that of the giraffe than the 
rliinoceros’s skeleton docs with that of the horse ; there are, nevertheless, as will be 
shown in the concluding summary, more essential 2 >oints of rescmblapcc to thd giraffe’s 
skeleton than to that of the rliinoccros. In points of minor impottance, wo find tho 
hii)x>opotamus resembling the rhinoceros ; as e. y. in tho shortness and strength of its 
neck ; but it has only fifteen dorsal, ^?, and four lumbar, /, vertebree. Tho spines of 
tlfeso vertebra) are shorter and less unequal than in the ruminants ; and they have an 
almost uniform direction, as in all quadrupeds that do not move by leaps or bounds. 
The tail is short, and, in the living animal, compK^ssed, acting like a rudder. Thcf bones 
of the limbs ore short and thick. Jn tlie scap^a, 51, tho acromion is sliglitly produced, 
and tho oorac^oid recurved. Tho great tuberosity of the fiumems, 63, is divided into 
two subdual processes. The rdna and radhis have coalesced at their extremities, and 
at the middle of their shaft, the interosseous space b^uig indicatc^by a deep gr(!K> .o and 
tf,vo holes. In the carpal series of bones, tho trapezium is preselit, but does ^n^t sup- 
poH any digit ; tho innermost, answering to the thumb or pollex, tbere£^, is one 
wMoh is absent ; of th^ remaining four digits, two middle ones, sthswering to the 
third and fourth, are most developed. Tho femur has no third trochanter. The fibula 
is distinct from the radius, and Extends from its proximal end to the oalcanoum. The 
entoe^melform bono is present in the tarsus, but there is no rudiment o*f tho innermost 
toe or hallux ; the proportions of &e other four tj>cs resemble those on tho fore-foot. 

GUti skull is remaikable fol tlio prominenee and high position of the orbits, which 
allow the eye to be pqpjcc^d abov^ tho surface of the water, and a survey to be made 
b/the |^di£ciouB animed mthout the exposure of any other part of tho head. The 
Pw is peculiar for w development of the sockets of the great canine teeth, and 
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the lofwer jaw combines with tho like characte» an unusual production and cuiratuie 
of tho angle. ^ 

With regard to the osteology tff tho hog*tribc, our limits <fcmpcl us to restrict our- 
I selves to tho notice of tho still morc<«ingular development of the sockets of the upper 
' canines or tusks in*thc babyroussa, ^ which those teeth curve upwards and pierce tho 
I skin of tho face, like horns, whence the name homed hog’’ sometimes imposed 
, upon it. 

i * If the hoofed animals with tho digits even number be compared together, in regard 
; to their osteo^pgical characters, they willdie found, notwlthstfaiiding the difiTorence of 
I form, proportion, and size presented by tht hippopotamut^ wild Jboar, vicugna, and chev- 
; rotain, to agree in the following points, which orc^thc more significative •of natural 
{ affinity when contrasted with the ^eietons of the lioofed animals with digits in uneven 
I number. Thus, in tho even-toed or “ ai-tiodactyle” ungujates, tho dorso-lumbsur vertc- 
I bras oi'c the same in number, as m general rule, in all the s}}ecics, being nineteen. Tbo 
' rare exceptions appear to be due to the development, rarely to thp suppression, of an 
■ accessory vertebra as ap individual variety, the number in such cases not exceeding 
twenty or falling below eighteen, and the stfpcmumerary vertsbrtf being most usually 
manifested in the domesticated and Imghly-fcd breeds of the comihon hog. The rccog- 
i nition of this important character appears to have been impeded by the variable num- 
\ her of moveable ribs in different specka of the artiodactyles, tho dorsal vertebras, which 
I these ribs cbara<;terizc, being fifteen in the hippopotamus and twelve in the camel; and 
I the value of this distinction has been exagge^rated owir^ to tho common conception of 
I tho riba as spocifd bones, distinct from tho vertebrae, and their non-rccc^nition as parts 
j of a vertebra equivalent to the neurapopbyscs and other aJutogonous elements. Tlio 
I discovery of the plourapophyses under tho condition of mdimcntal ribs attached to the 
■' ends of tho lumbar diapophyscs, which afterwards become suturally attached or anchy- 
I losed, and tjio plourapophysial nature of a part of tho so-called perforated transverse 
I process of tho cervical vertebra, show that the anthropotomical definition of a dorsak 
I vertebra, as one that supports ribs, is inapplicable to the mammalia generally, and is 
: essentially incoiTcct. It is conveuicn?, in comparative tables of vertebral formulao, to 
j' denote the number of those vertebra) of the trunk in which tho plourapophyses reHiain 
, free and moveable, constituting the ** ribs” of antliropotomy ; but the diifcrcncos somc- 
j timas occurring in this respect, in individuals of tho same species, have their unim- 
1 portanoe manifested wlien the true nature of a rib^is recognised. Tlio vertebral formuJfc 
[ of the artiodactylo skeletons show that tho difference in the number of the so-called 
i dorsal and lumbar vertebras docs not affect the number of tho entire dorso-lunj^ar scries : ’ 

I thue4ihe Indian wiltL boar has 13, 1, 6, =; 19 ; i. e.y 13 dorsal, and 6 lumbar, making a I 
total of 19 tmnk-vSrtcbraB ; the domestic hog and tho peccari have 14, 5, = \9 ; | 

tho hippopotamus has d, 1^, ^ 4, = 19 ; tho gnu and aurochs have ^,,14, 5, = 19 ; ^ 

the ox and most of the true mminan]^ have d 13, / 6, = 19 ; ^t^ic camd andlamas have , 
d 12, / 7, = 19. These facts illustrate the natural character and true lOffinities. of the | 
artiodactylo group. They are further shown by the absence of the third troclwter in ! 
the femur, and by the place of perforation of the medullary artery at the fore and upper 
part of the shaft, ds in the hippopotamus, the hog| and most of the mminaiits. The 
fi>re part of the astragalus is divideif into two equal or mbequal^acets ; the oewnagnum | 
does not exceed, or is less than, the unciforme in size, in the ca|pus ; and the ectocnaei- 
finme is less, or not larger, than the ri&hoid, in the tarsus. * The digit answering td Ihc • 
I Hurd in ^ pentodoctyle foot is unsymmetrical, and fomSi, with that answering to tbl < 

a 


ORGANIC NATURE.— No. Vlll. 


242 


THE MATURE OF LIMBS. 


j 

! 


i 

I 


fotirthy a synuaetricalpair. If the spocBes be homed, the horns fony one pair or two 
pairs ; they arc neyor deyeloped singly and symmetrically from the median lino. The 
post-t 3 rmpamc does not jjtoject downward ‘distin^l^ from the mastoid, nor supersedes 
it in any ortiodactylo ; and the paroccipital alwayy exceeds both in length. The bony 
palate extends further back than in the pcrisso^ctylcs ; the hinder aperture of the 
nasal passages is more vertical, and commences posterior to the last molar tooth. The 
base of the pterygoid process is not perforated by the cctocarotid artery. • The crowns 
of the promolars arc smaller and less com|d 6 x than those of the true molars, usuf*lly 
representing half of such^ro^fn. The last mflk-mohir is trilobed. ,, 

To these ostcologicalrnd digital characters *hiay be added some important modifica- 
tions of inlcmal stmeture, as f. < 7 . the complex form of tho stomach in the hippopo- 
tamus, peccai:;, and ruminants, mo comparative]!^’^ ^maU and simple csccum, and tho 
spirally folded colon, which ^/lually indicate the mutual affinities of the even-tood or 
artiodactylo hoofed quadrupqds, and their claims to be 'regarded as a natural group of 
tho TJngulatn. extinct genera, checropotamus, anthracotherium, hyopo- 

tamus, dichodon, mcrycopotamus, xiphoJ5n, dichobunc, anoplotherium, have been dis- 
covered, which once iuiked together tho nefftr broken series of Artiodactyla, represented 
by the existing genera hippopotamus, sus, dicf^ylet, camclus, moschus, comolopardalis, 
COITUS, antilope, ovis, and bos. 

As we have now traced both the fore and hind foot to tho five-toed or pcntadactyle 
fitructoe, with the definite number of joints or phalanges in each toe, characteristic of 
the highest class of vertebrate anfmals, a few remarks will be offered in iUustration of 
tbo plan of stmeturo which prevails in such extremities, and of tho law that governs 
the departure from the pentadactylc type in the mammalia. 

Tho essential nature of tho limbs is best illustrated by the fish called protopterus, 
and by some of the lower reptiles that retain gills with lungs. 

If tho segment of the skeleton supporting tho nidiments of the fore-li^ibs in tho 

protopterus (Fig, 32), be compared with 
the modification of tho typical vertebra, ex- 
emplified in Fig. 5, p. 169, it will bo seen to 
be constructed on the same typo. The hBemal 
arch is most expanded, and it is composed 
of a plcurapophysis or vertebral rib, jj/, and 
a hoemapophysis or sternal rib, on each 
side ; the haBmal spine, or sternum, is not 
here developed ; the long, many-jointod ray, 
a, answers to the moref siniplc diverging 
appendage, 0 , in Fig. 6. o 

The segment supporting these append- 
« ages, or first nidiments of tiio fore-hmb in 

the fishy is tho ^ccipitdl one, or the Iasi vertebra of the skull. Tho plcurapophysis of 
this segment is the scat of all tlgKitf modifications which have earned for it the special 
name of scapula,’' 51 ; the hssmapophysis is tho scat of those that have led to its being 
called “ coracoid,” 52. 

The eoiresponding gegmont^f tho hatrachian '^mphiuma (Fig. 33 ) .yields tho next 
is^pqrtaat modification ^f these parts. The scapulee, pi, 51, arc detached from the 
ooci| 9 »ty or ngpral arch ; tho^ coracoids, A, 52, ore much expanded ; three segments of 
the diveiging i^pondage, a, afe ossifiedy and two of these segm ents are bifid, showing the 
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beginning of the jadiating multiplication of its parts. The first segment is the seat 
^ of .those modifications 'which have obtained for it the 

^ spc'^ial name of “ humerus/' b3 ; tho^ two divisions of 
the Itfxt segment of the appendage are called “uMa,” 
“radius/' 64; the remainder of the limb is 
called “manus/' or hand; 66 is tho gristly carpus, 
jf " and the two bony divisions are the digits or fingers, 67. 

’ ^ Fig. 33. AMPHiuMA, ' The segment supporting tho hind-limbs retains most 
of its typical character in the sv^tofrancaA reptile called tho PVotous ; one secs, e. g,, in 
Pig. 34, that the centrum has coalesced "^th « t Fiff, 34. 

the nourapophyscs, «, and neural spine, «•% j . C * 

forming tho neural arch from whi^h't.hc dia- , 

pophyscs, df are developed : tho more ex- , 

ponded hoomal arch consists df tho plcur. 
apophyses, plj and the hojmapophyses, A ; the 
former is called the “ilium/' 62, tho latter * 
tho “ ischium," 63 ; and, as the h.'emapdphy- 

SOS of another segment are usually fcdde^ to ^ pnoxaus. 

tho sca^mlar arch, when they rdboivc tho name of “ clavicles," so also the huomapo* 
physcs of a contiguous segment are ilsually added to the pelvic arch, when they are 
called “ pubic bones." 

Tho pelvic diverging appendage, a <7, has advanced ^f»the same stage of complexity in 
the protcus, as the scapular one in the ampliiuma ; the first ossified augment is called 
“ femur," 65 ; tho divisions of tho next segment arc respectively temed “ tibia," 66, 
and “ fibula," 67 ; the first set of short hones in tho “pcs," or foot, arc called “ tai*- 
sals," 68 ; those of tho two toes arc called “ metatarsals" and “ phalanges," 69. 

Tht) tarjol bones, from “tho degree of constancy of their forms and relative positions 
Fi*’’ 35. Fig. 36. have received distinct names. In Fig, 35 of tho bones of th# 

’ * * hind foot in the horse, a marks tho “ astragalus," c?, the 

,dT 7 I “ calcancura,*' or heel-bone, tbo prominent part of which 

L-**'' J forms the “hock;" s is the “ seaphoidcs," or naviculait, 5, 

\/i *‘^4 the “ cuboid," ce, “ ectocunciform," and cm, the “ meso- 

38. Fig. 39. 
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ouxteiform." NoW| the octocuneifoim in all mammalia*»upports tho third or middk 
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of the five toes when they are all present, the meBOcunciform support^ the second toe, 
the cuhoides the fourth and fifth. Wc see, tbe;refore, in the horse, that the very 
large bone articulated to* the cctocuncifonh, c#, i^’ t||Le metataraal of the third toe, to 
which are articulated fhe three phalanges of the same toe, m, the^last phalanx being 
expanded to sustain the hoof. The small hone caKicd “splint-bone,'' by veterinarians, j 
articulated to the ** mesoenneiform,” is the stunted metatarsal of tho second toe, ii ; j 
the outer “splint-bone,” articulated to Uio “cUboidcs,” is the similarly stunted meta- 
tarsal of the fotirtli too, h\ ‘ . 

In the foot of the ox*(Fift. 36), the cnboSles, i,*^rojonts a marked increase of size, , 
equalling the cctocunoiftaTn, which is propbrtionaUy diminished. The single bone, 
called “ codnon-bonc,”. which arti^'ulatcs with both these carpal bones, docs not answer 
to the single “.cannon-bone” in the horse, but to thft iqetatai’sals of both the third and tlio 
fourth digits ; it is acccrtdingly found to consist of those two distinct bones in the fictal 
niminant, and there are a fqw species in which that di!$tinction is retained. Marks of 
tho primitive divisiqp arc always perceptible, especially at its lower end, where there 
are two distinct joints or condyles, for*tho phalanges of the third, t'u, and fourth, tV, 
toes. In the horse *thcf rudiments of th<? twf) stunted toes were their upper ends or 
metatarsal boucs ; in tho ox they consist of t!)jcir h)wcr ends or phalanges ; these form 
the “ spurious hoofs,” and are parts of the second, «V, find fifth, e, toes (Fig. 36). The , 
rhinoceros more closely resembles the horse m the bbny structure of its hind foot (Fig. 37) ; 
tlio ectocuneiform is still tho largest of the three lowest tarsal bones, although the 
mesocuneiform, om, and the culvids, have gained increased dimensions in accordance 
with the completely developed toes which they support ; these toes we .therefore i-ecog- 
I niso as being answerable tef the rudiments of the second, ii^ and fourth, tV, in the horse, 
j the principal too ^)cing still the third, nV. The hippopotamus (Fig. 38) chiefly differs 
from tho ox, os tho rhinoceros differs from the horse, viz., by manifesting the two toes 
fully developed, which were rudimental in the moro simple foot ; the cuhoides, being > 
proportionally extended to support the fifth toe, r, as well as the fourth, iv ; the second 
too, articulates, as usual, with a distinct tarsal hone. In tho elephant (Fig. 39), 
where a fifth digit is added, answering to our fir^ or great toe, I, there is also a distinct 
carjAil bone, called tho “ cntocuncifom*,” cf, and the tarsus presents, as in other 
pentadactyle mammals, all the bones which arc seen in the human tarsus, viz., the 
astragalus, tf, the cidoaneum, r, the scaphoides, 5, the cntocuneiform, ci^ the mCiso- 
cunciform, rn?, the ectoeuncifonu, and the cnboides, h. I 

« Tho course of tlic simplification of the pcntadactylo foot or Iiand is first a dimi- j 
nution anf removal of the innennost digit, ?; next of tho outermost, < 0 ; then of the . 
second, it; and lastly of the fcjurth, iv; the third or middle toe, VtV, being thc^bi'ost | 
constant and important of tho five toes. The same law or progrdijs of simplification | 
prevafis 3i\ the /ole-foot or hand. The thumb is tho first to disappear, then the little j 
finger, and the middle finger is the most constant^ and forms the single-hoofed fore-foot j 
ofthchorso. » * • 


The scapula, 51, in the for^j^b repeats or answers to the ilium, 62^ in the j 

limb ; the coracoid, 52, to thonbohium, 63 ; the clavicle, 58, to thojpubis, 64 ; tht ! 
humerus, 53, to tho fcmui*, 65 ; the radius, 55, to the tibia, 66 ; tlie^lna, 54, to the ! 
fibula, ; the corpus, ^6, repeats tho tarsus, 68 j and tho mctacaipus and phalmges of 
the fore-ibot repeat the inetatorsus ajid phalanges of the hind foot ^ they are technically 
calldfi “ serial homologucs,” or “ homotypos,” and each bone in the carpus can be shown 
to have its hemotype in the tiursus. — See “ Archetype of the Vertebrate Skeleton,” p. 167. 
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Skeleton A the Sloth.— The transition from the quadrupeds with hoofs to 
those with daws seems in the presciiit series to be aonipt ; d)ut it was made gradual 
by a group of animals, Sow cxtincl^urhich combined hoofs andi; clawls in the same foot. 
Some of the outc/tocs, at least, w yo stunted and buried in a thick callosity, for the 
ordinary purpose of walking, whilst the other toes were provided with very long and 
strong claws for uprooting or tearing off the branches of trees. These singular beasts 
w^iTC of great bulk, and ai)pcar to have been peculiar to America. As restored by anato- 
mical science, they have received* the names oi Megath^iuhi^ MegdUmyx^ Mylodoti, &c. 
They Avcrc huge terrestrial sloihs ; the \>rc8ent rcmnai^s of family consist of very 
few species enabled by their restricted bulk to climb the trees in quest of their leafy food, 
and peculiarly organized for arboreal life. The toes, Vhich were modified in their huge 
predecessors, to tread the grounl, are reduced to rudiments, or arc unlcvciopcd ; and 
those only are retained whicl;* support the claws, now rcnd(‘rcd by their length and 
curvature admii*ahlo instruments for clinging to the branches. The whole structure of 
the hind and fore limhg is modified to give TaU effect to those instruments as movers 
and suspenders of the body in the bo^kyirotrcats for which* thi? sloths are destined ; 
and, in same degree, the powerapf the limbs to support and carry the animal along 
j the bare ground is abrogated. A<jcx)rdiiigly, when a sloth is placed on level ground, it 
! presents the aspect of the most helpless and crippled of creatures. It is less able to 
I raise its tnihls above its limbs than the seal, and can only progress by availing itself 
• of some inequality in the soil oifciing a holdfast to if^ claws, and enabling it to drag 
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would be as reasonable as a speculation on the natural powers of k tailor suddenly 
transferred firom bis shop-board to the rigging of A ship under weigh, or of a thorough- 
bred seaman moifnted for the drst time on a fujjf-blood horse at Ascot. House the 
prostrate sloth, and lot it hook on to the lower 1jf:>ugh of a tree, and tlio comporativo 
agility with which it mounts to the topmost branches will surprise the spectator. In 
its native South American woods its agility is still more remarkable, when the trees are 
agitated by a storm. At that time the instinct of the sloth teaches it that the migratiion 
fix)m tree to tree will be ihost'facilitated. S\fingin{J to and fro, back dowTiwards, as is 
its habitual position, at the ent^of a branch ji&t strong enough to support the a nimal, 
it takes ad^^antago of the first branch of the adjoining tree that may be swayed by the 
blast within it| reach, and stretchmg out its foretliipb, it hooks itself on, and at once 
transfers itself to what is equivalent to a fresh pasture. The story of the sloth volun- 
tarily dropping to the groui^d, and crawling under prissure of starvation to another 
tree, is one of the fabulous excrescences of a credulous and gossipping zoology. 

In the sloth, accordingly (Fig. 40), tMfc fore-limbs are much elongated, and that less 
at the expense o^ thd hand than of the ftrm •and fore-arm. The humerus, 63, is of 
unwonted Icjigth— is slender and straight ; thq radius, 66, and ulna, 54, arc of similar 
proportions — the former straight, the latter so bent %s to leave a wide interosseous 
space. Now, moreover, those bones, instead of bding firmly united as one bone, are so 
articulated with each other as to permit a icciprocal rotatory movement, chiefly per- 
formed, however, by the radius j^iind since to this bone the carpal segment of the hand 
is mainly articulktod, that prehensile member can be turned prone or supine, as in the 
human arm and hand. Six bones arc preserved in the carpus of three-toed sloth 
{Bradypua irxdaetylus)^ answering to those called “lunarc,” “cunciformo,'* ‘‘unciformc,” 
and ^^pisiforme,” also to the ^^scaj>hoides and trapezium** united, and to the trapezoidcs 
and magnum*’ united. The scaplio-trapezium is characteristic of the sloth-tribe, hud is 
fbund in the extinct as well as existing species. The articulation of tho carpus with 
Uie radius, and with the metacarpus, is such as to turn the palm of the long hand inwards, 
and bring its outer c^ge to the ground. The three* fully-developed mctacai'pals are con- 
fluent at their base, which is also anchylosed to tho rudiments of the first and fifth meta- 
carpols ; the proximal phalanges of the digits answering to m, and iV, are confluent 
with their metacarpals, and those digits appear therefore to have only two joints. The last 
p ha la nx is remarkably modified for tb^) attachment of tlie very long and strong claw. 

With regard to the blade-bont* of tho sloth, 51, it is much broader in proportion to 
its length t^an in tho swift clovcn-footcd herbivores ; *tho spinous process is unusually 
short; the acromion is of moderate length, and unexpanded at its extremity 
supjnspinal fossa is the broadest, and has a perforation instead of ^he usual “ supra- 
spinal*' no^h. ^There is a short clavicular bone attached to the acromion, but not 
attaining to the sternum*, , 

The iliac bones, 62, fcpcat the modifications of their homotypes the scapula), and are of 
unusual breadth as compared with tlose of other quadrupeds ; they soon become anchylosed 
to the broad sacrum, S ; the ischia, 63, and pubes, 64, arc long" and slender^ and circum- 
scribe unusually largo thyroid” and “ ischial” foramina, the latter, being completed by 
the cooleifcenoe of the tiaberositiw of the ischia with the transverse processes of the last 
two sacral vortebr®. T}io head of Jhe femur, 65, has no impression of a ligamentum 
teres.* The patella, 66*, is ossafled ; thqjpo is a fabella behind the external condyle. The 
tibia; fl6, and fibula, 67, are bent in opposite directions, intercepting a very wide interosse- 
ous sp!ice. The anchylosis of their two extremities, whicl^has been found in older speci- 
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mens, has not tak^n place here. The inner mt^oolus projects backwards and supports 
I a grooved process. The outer malleolus projects downwards, and fits like a pivot into 
a socket in the astragalus, turning 4;ho sole of the foot inwardii»a position like that of 
the hand— best adapted for grasping houghs. The calconcum, 68, is remarkably long and I 
compressed. Tlic scaphoid cuboid, tAid cuneiform bones havo become confluent with : 
each other and tho metatarsofs, of whidi tho first and fifth exist only in rudiment. ! 
The other throe havo likewise coalesced with the proximal phalanges of the toes which 
they suppoi-t : these toes answer to the second, third, and fourth, in the human foot, 
j Tho short and small head pf the sloth is supported 6n a long and flexible neck 
; presenting tho very unusual character in the Mammalioii^lass of nine vortebrai, C — the j 
! superadded two, however, appearing to havo been impressed from, tho dorsal series D by | 
their short, pointed, and usually mdvoable ribs. Tho head and mouth jcan he turned \ 
i-ound every part of a branch in quest of the leafy food hi^i this .iicchanism of the neck. ' 
As the tnink is commonly suspbndcd from tho limbs with tho back downwards, the ! 
muscles destined for the movements of the back and support of, the head arc feebly | 
developed, and the vertebral processes for their attachment ore proportionally short. | 
The spines of the neck- vertebrae ore of m6rc equal length tamn in most mammals — I 
that of tho dontata being little largejPthajQL the rest : the spines gradually subside in the I 
posterior dorsals, and become obtioleto in tho lumbar vertebrro. The first pair of fuUy- 
i developed ribs, marking tho beginning of the true “ dorsal” scries of vertebras, are 
onchyloscd to the breast-bone, which consists of eight ossioles. In the tw'o-toed sloth, 
however, which has twenty-three dorsal vertebra), *hero arc as many as seventeen 
subcubi(Jiil stomal bones in one long row, with their angles truncated for tho terminal 
articulatioiLs of the sternal ribs, which arc ossified. 

Tho skull of tho sloth is chiefly remarkable for the size, shape, and connections of 
the malar hone, which is freely suspended by its anterior attachment to the maxillary 
and frontal, and bifurcates behind ; ono division extending downwards, outsido the 
lower jaw, the other ascending above the free termination of the zygomatic process o2> 
the squamosal. The premaxillary hone is single and edentulous, being represented only 
by its palatal portion completing the maxiUary arch, but not sending any processes 
upwards to the nasals. » 

The skull in tho toothless ant-eater chiefly forms along, slender, slightly-bent bony 
sheath for its still longer and more slender tongue, the main instrument for obtaining 
Hs insect food. The mouth in tho living anime^ is a small orifice at the end of the 
tubular muzzle, just big enough to let tho vermiform tongue glide easily in and out. < 
The fore-limbs ore remarkable for tlio great size and strength of the cla^y developed 
froilt the middle digit : this is the instrument by which tho ant-eater mainly offects 
tho breach in the walls of tho termite fortresses, which it habitually besieges in orde^ to 
prey upon tlieir inhabitants and constructors. As in the sloths, both fo^^e ou^ hind feet 
have on inclination inwards, whereby ^he shaip ends of tho longplaws arc prevented from 
being worn by that constant application to tho ground which mdst hav# resulted from 
the ordinary position of the foot. Tho trunk- vortobne df the ant-eater are chiefly remark- 
ablo for the number of accessory jou^ by which they are articulated together. This 
oomplex structure i§i also mot with in tho armad^os, in which the anterior zygapo- 
{diyscB of tho dorsal vertebra) send processes— tho anetapopliyBeB (Fig. 2,^p. 166), 
tn,m — upwards, ouiwards, and forwards, which ^processes, progressively increasing 
in. the hinder vertebrae, attain, in the lumbcy^ region,* a length equ^ to that of 
the spinous processes, »a,and have the same relation w them, in the support of the 
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osseous caiapace, as tlie **tic-bearors*' tiavo to the ‘^king-post** in yic axchitocture of 
a roof. 

SfceletOfii of the BKole. — ^Tlic moU is hardly less fijbted for the actions of 
on ordinary l!ind-qiiadrux)cd than the sloth ; ^iit the one is, as admirably con- 
structed for subterraneous as the other for iK*borcal life. The fore-limbs arc as 
remarkably sliort, broad, and massive in the mole,, as they arc long and slender 
in the sloth ; yet the same osseous clcihents, similarly disposed, occur n tlio 
skt'leton of each. The head of the mole is long and cone-shaped ; its btoad 
base joins on tlio ti’unk* without any outwA'd ai)Jear||incc of a ne(;k. «The for -part 
of the trunk, to which the muss^ilur masses working tlie foi*e-limhs are 


Vig, 41. 
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j attached, is the thickest, and thonco the body tapers to the hind-quai’ici-s, which are 
j supported by limbs as slender as they arc short. , 

j , The neck-bones, novorthclcss, are not wanting ; they even exist in the s5mc number 
^s in the giraffe; the vertebral formula of the mole being — 7 cervical, 13 dorsal, 

I 6 lumbar, 5 sacral, and 10 caudal. The spine of ^ho second vertebra or dentata is large, 
i and extended back over the third vertebra : the neural arches of this and the succeeding 
neck-vertebree form thin simple arches without spmes : the entire vertebraj have been 
described as mere rings of bone ; but the transverse processes of tho fourth, fifth, and 
sixth ccrvicaLs ai'O produced forwards and backwards, and overlap each other : in the 
seventh vertebra those processes are reduced to tubercular diapophysca which are not | 


• perforated : the bodies of the vertebrae are depressed and quadrate. The part answering ! 
to nudial ligament in the giraffe is bony in the mole, m. , . 

The first sternal bone, or manubrium, is of unusual length, bejng much producea 
foinrords, and its imder surface downwards in the shape of a doep keel for extending 
the ori^nof tho pectoral muscles. Seven pairs of ribs directly join the sternum, which 
confists of four honcs^ineddition to the manubiium and an ossified ensiform appen- I 
dage. The netad sprnes, which jiro almost obsolete in tho first eight dorsals, rapidly | 
gain length in rest, and Are antroverted in the last two dorsal vertebrae. The I 
diapophyscs, being developed in the posterior dorsals, determine the n|iture of the longer I 
homologous processes in the lumbar vertebrm. « . . I 

The lumbar spinei^ are 1 g%’, but of considerable antero-posterior extent : the 
diapophyBcs are bent fcrw^rd in the last four vertebree : a sme^, detached, wedge- 
^ped hypafophysis is fix^ into tke lower interspace of the bodies of the lumbar 

* vortBbrro, * 

« ' • 
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The scapula, 51| is very Ion" and narrow, bht thick, and almost three-sided : th© 
common rib-shape is resumed in this cranial plourapophysis, aswe have seen in the bird 
and tortoise. The clavicle, on the other hand, instead of the usual Ign;^ and slender 
figure, presents the of a cube, b^g very short and broad, articulated firmly to 
the antc'riorly projecting breast-bone, mid more loosely with the acromion and head of 
the humerus. 

Thi'j bone, *53, would be classified amongst the “flat” bones, 3t is ahnosi as brood 
as it Is long, especially at its proximal end, which presents jtwo, articular suifaces— one 
for the scapulaj the other for the ^aviclc : ttie expanse of the bone beyond these surfaces 
relates to the formation of an adnnuate extent of attachment for tjJe deltoid, pectoral, and 
other groat burrowing muscles. All the oth. bones ^ the fore-limb arc as extremely 
mediiied for fossoriol actions. The slcf ranon expands transversely at its cjitrcimit}', and 
the back part of the ulna is produced into a strong ridge of J:>one. * 

The shaft of the radius is divided by a wide interosseous space from the ulna, and 
the head of the radius is produced into a hook slmped process like a svond “ olecranon.” 

] The carpal series consists of iiv<* bones in cam row— the sca^bo^ being divided in 
I the first, and a sesamoid tei..g added t6 the second row; moreover, therdis a large 
suppl(‘mcntary siekle-sliapeti. ./oni^ exfcndmg from the radius to the mctacaTf)al of the 
, pollcx, giving increased breadth and a convex margin to the radial side of the very 
powerful hand, and chiefly completing its adai^tation to the act of rapidly displacing j 
the soil. The ijhalangcs of the fingers arc short and very strong : the last arc bifid at > 
their ends for a firmer attachment of tlio strong claws, •battle more of the hand than I 
these claws, and the digging or scrap ’’ig edge, projects beyond the Sheath of skin 
enveloping the otlicr joint;,, and Conner ting the hand with the trunk. • 

The common position of the arm-bone is with its distal end most raised. The foro- 
! arm, with the elbow raised, is in the state Tjotween pronation and supination, tho radial 
I side of Ac hdhd being downwards, and the palm directed outwards. The wholo limb, 
in its position and structure, is unequalled in tlie vertebrate scries as a fossorial instni- * 
ment, and only paralleled by the 'oiTHSjionding limb in the molo-ericket {firyllotalp<£) 
amongst the insect-tribes. 

No impediment is offered by the Mndcr jiarts of the body or limbs when tho thiclmst 
part of the animated wedge has worked its way through the soil, Tho pelvis 
is remarkably narrow. The ossa innominata have coalesced witli the sacrum 
but not with each other, the pubic arch remaining open. Tho bodies of the 
sacral vertcbim are blended together, and are carinate below; their neural spines 
have coalesced to fijnn a high riSge. Tho acetabula look almost directly lutwards. 
The*' head of tho ^'mur has no pit for a round ligament. A fahclla is preserved 
behind tho outer condyle. A hamular process is sent off from tho head of the tibia ajlld 
fibula ; tho lower moieties of the shafts of these bones aro blended together. •The toes 
are five in nnmber on tho hind-feet as hi the foro, but aro much^iyre feebly developed. 
They servo to throw back the loose earth detached by |;hc spado-shaped lifinds. 

ShLeletoJi jail tlie 8at> — ^The form of limb presented by the a^llr&nd hand of the 
bat offers tho most striking *contrast to the burrdwing trowel of the niole. Viewed in 
tho living animal it is a thin, widely-expanded sheet of membrane, sustained like 
an umbrella by slender rays, and flapped by means of these up%nd down in the air, 
and with snob force and rapidity, as, combined wiith its wcteifeive surface, to react 
upon tho rare element more powerfully than gravitation can attract t Jo weight to 
which tho fore limbs arc attached; consequently the body is 'raised aloft, ^ and 
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borne swiftly through the air. The '’mammal now rivals the b^d in its faculty of 

progressive motion ; it flies, and the in- 
struments ofiti aerial course are called 1 
“wings.” The whole frame of the bat is 
in^iarmony with this faculty, but the ma- J 
malian type of skeleton is in nowise | 
departed from. ' 1 

The vertebral formula of the common 
** bat \Ve^vertilto muf'inus) »(Fig. 42), is — | 
" 7 cervical, 12 dorsal, 7 lumbar, 3 sacral, and 
8 caudal vertebrse. The chief charactcris 
tic4o£>tho skeleton are — ^tho gradual dimi- 
nution of size of the spinal column from 
the cervical to the sacral regions ; the ab- 
sence of neural spines in the veitcbrse 
beyond the dentata ; a keeled sternum ; 
long and strong, bent clavicles, 68 ; broad | 
I scapula;, 61 ; elongated humeri, 63 ; more ; 
elongate and slender radius, 66 ; and still i 
longer and more slender metacarpals and ! 
phalanges of the four fingers, w, m, ivj 
which arc without daws, the tliumb, t, 
being short and provided with a claw: 

SKELETON OP TUE BAT (nspcrtiHo murinfiS). 02, is small, slender, and open , 

at tho pubis, 63 ; the fibula, 67, is rudimental, like the ulna, 54, in the fore-arm. j 
The common bat has a long and slender stilifomx api)endago to tho heel, 68, which 
helps to sustain tho caudo-femoral membrane. The hind digits are five in number, 
short, subcquol, each provided with a daw ; they are the instruments by which tho 
bat suspends itself, head downwards, during its daily summer sleep, and continued 
winter torpor. 

‘ Skeleton of tke Camivoxons BEammalia. — ^Thc lion may bo regarded as 
the type of a quadruped, Tho well-adjusted proportions of the head, the trunk, the 
fore-limbs, and tail concur with their structure to form an animal swift in course,' agile 
in leaps and hounds, tenihlo in thr overpowering force of tho blows inflicted by tho 
fore-lhnbs. The strong, sharp, much-curved, retractile talons terminating the broad 
powcrfulCfcet, enable the carnivore to seize the -prof it has overtaken, and to rend the 
body it has struck down. The jaws have a proportional strcngtli, and arc armed-rt^ith 
famgs fitted to pierce, lacerate, and Idll. 

The camitorous chardbter of the skull, os exemplified by tho sagittal aud occipita 
crests, by the &tren^l^<«Ad expanse of the zygoniatic arches, by tho breadth, depth, and 
^ortnoss of i&o by the height of tlie coronoid processes, and by the depth and 
extent of the foiilm of the loHrer jaw for tho attachment of the biting muscles, reaches 
its maximum In the lion. The ^angular occipital region is remarkable for the depth 
and boldness of the sculpturing of its outer surface, indicative of the powerful muscles 
working tho whole skull upoh tho neck and trunk. The conjoined paroccipitols and 
xnastoids form a broad anjd thicks capsular support for tbc back part of the acoustic 
butifls. Thsr pterygoid propesaes are imperforate. A well-marked groove extends on 
each side of the bony palate from the posterior to the anterior pEdatine foramina. The 
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prcmaxillafies arc c<^paratiyoly shorty and one-lfalf of the lateral border of the nasals 
directly articulates with the maodllaries^ The antorhitol foramina are largely indicatiya 
of the size of the sensitiye* nerve supplying tlio well-developed whiskejs. Within the 
cranium wo find that Gasification has extended into the membrane dividing the cerebrum 
from the cerebellum. Tliis bony tentormm extends above the petrosal to the ridge over- 
hanging tho Gasserian fossa ; the petrosal is short, its apex is neither notched nor per- 
feyated ; the cerebellar pit is very shallow. The sella turcica is deep, and well defined 
by both the anterior and posterior clinoids. The rhinencephalic {ossa is relatively larger 
in the lion thah in most camivoiii, and is Refined by a well-marked angle of the inner 
table of the skull from tho prosenccphalic compartment. "Jihe olfilbtory chamber extends 
backwards both above and below the rhinencephalic fosq^ ; tjic uppenpart of thc*chambor 
is divided into two sinuses on cacli stdeT The superior turbinals cytend into*the anterior 
sinus, and below into tho pres^enoidal sinus. AU thodboncs^of the skeleton are 
remarkable for their whiteness ana compact structure. • 


Fig. 43, * 



SKSLETSN or THs: UOK (JFelfiho), ^ 

The vertebral fojmula of tho lion (Fig. 43) id — 7 cervical, 13 dorsal, T lumbar, 
3 sacTol, and 23 caudal. Tho last cervical vertebra has tho transverse pro- 
cesses imperforate, being formed only by diapophyscs. The olcvenfii ddorsal is that 
toward which the spines of the other tihnk- vertebra) converge, indicates the centre 
of motion of the trunk in this bounding quadruj)ed. ^ Eight pairs ribs? directly join 

the sternum, which consists of eight bones. Tho clavittes are lOdAsed to clavicular 
hones, 6S, suspendad in the flesh. Tho supraspinal fossa of the scapula is less deep 
than tho in&aspinal one, and itEf bolder is almost uniformly convex ; the acromion is 
bifid, tho recurved pqjint being little larger than the extf emity dt anterior point. The 
humerus, 53, is perforated above tho inner condyle, but ^ot d>etwecn tho condyle* 
The radius, 55, and ulna, 54, arc so articulated as to permi^a free rotation t>f the foSro- 
paw. The scaphoid and lunar bones aro connate. Besides these, tho bones of the 
• — 



252 


SKKX.ETON ®F THE LION. 


carpus are the cuneiforms ; tlic pisifofmo; tlic trapezium, which gif^es an articulation to 
the ulnar side of the base of the short metacarpus of the poUox ; the trapezoides; the 
magnum, whi(^is the*icast of the carpal l)onoB; th($ unciforntie, which supports, as usual, 
the mctacarpals of the fourth and fifth digits ; and the pisiforme, which projects far 
backwards, like a small calconcum : there is ajSo a supplementary osciclo wedged in the 
interspace between the j^rominent cud of the scapho-lunar bono and the proximal end 
of the metacarpal of the poUcx. The poUcx is retained on the forc*fobt, and, like t}ie 
« ')thcr toes, is terminated by a large, compressed^ retractile, ungual phalanx, forming a 

deep sheath, for the firm attachment of the largo cmjycd and sharp-poihted claws. 

The pelvis, 62, 6.% 64, the femur, 65, the tibia, 66, and fibula, 67, offer no remark- 
able modifications qf stnictu^c ;(the patella, 66, is well ossified, and there is a fabella, 67, 
behind each condyle o/tho femur. The tarsal Ifbnts arc the astragalus; the scaphoides; 
the calcancum ; the duboidi^s, which, like the uncifonne in the carpus, supports the two 
outer digits ; the cuneifoifnc externum, which, liko*^ the magnum, supports tho middle 
digit; the cuncifowno medium, which, tho tiffcpezoides, supports the second digit; and 
the cuneitomje internum, which supports the rudiment of tile metatarsal of the first or 
innermosh digit. * * 

Tho ]^t or ungual phalanx, in both fora an(f hind feet, has a bony sheath at its base 
for tho firmer implantation of the claw ; and itsjoint is at the back part of the proximal 
end of the phalanx, whereby it can bo drawn upwards upon the second phalanx, when 
the claw becomes concealed in the fold of mtegument forming the interspace of tho 
digits. 

This stat(f of retraction is constantly maintained, except when overcome by an 
extending force, by means of clastic- ligaments. The principal one arises from tho 
outer side and distal extremity of the second phalanx, and is inserted into the superior 
angle of the last phalanx; a second arises from the outer side and proximal erd of the 
second phalanx, and passes obliquely to be inserted at the inner side of the base of the 
' last phalanx. A third, which arises from the inner side and proximal extremity of the 
K(!Cond i)halanx, is inserted at the same point as tlic preceding. The tendon of the 
flexor profundus perforans is the antagonist of the clastic ligaments. By the action of 
Itfat muscle the last phalanx is drawn forwards and downwards, and tho claw exposed. 
In order to ]3roduce the full effect of drawing out the claw, a connsponding action of 
the extensor muscle is necessary, to support and fix the second phalanx ; by its ultimate 
insertion in the terminal phalanx,* it serves also to restrain and regulate the actions of 
• the flexor juuscle. As tho phalanges of the hind-foot arc rtiti acted in a different direc- 
tion to #1060 of the fore-foot, t. e. directly upon, and not by tjio side of the second 
phalanx, tho elastic ligaments are differently disposed, but perfonn the same main oMcc. 
• It seems scarcely necessary to allude to the final intention of these beautiful structures, 
which aie, wtfi. some slight modifications, common to the genus Felis. The claws 
being thus retracted within folds of the integjnment, are presented constantly sharp, 
and ready foi*thcir destined functions, not being blunted and worn away in the ordinary 
progressive motions of the afdmol ; while at the same time the sole of the foot, being 
padded, such soft parts only are brought in contact with tike ground as conduce to the 
noiseless tread of the stealthy feline tribe. This highly-dcvelopodtunguiculate structure 
with tlfe dental systska and oftnoomitant modifications of the skull, completes the pre- 
datory character of tha typical Camwora, 

of tho Xa|tg;airoo«’'Australia possesses an indigenous race of herbivor- 
ous mammals created to enjoy existence on its grassy plains. But the olimote of this fifth 
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Fig. 44. 



ccntmcnt, as, from its extent, it has been termed, is subject to droughts of unusual duration , 
and the parched up |rass, ignited by the electric bolt or other cause, often raises a con- 
flagration of fearful extent, and leaves af correspondingly wide-spread blackened desert. 
To the antelope, and other ruminants of ti*opical pr wanner latitudes, swiftness of limb 
has been given, which*cnables them to i^igrato to river volleys, where the vegetation is 
preserved from the influence of tho dry 
season. Australia, however, is peculiar 
fot it 3 «canty supply of perennial streams ; 
tho torrents of tho brief periods of rain 
arc reduced to detached pools in tie diy 
season, and these are parched up in tlio 
long droughts, leaving hundreds of milci* 
of the country devoid of surface water. 

If, then, the parent herbivore couM tra- 
verse the inquired distance to quench its« 
thirst, or satisfy its hunger, the tender 
young would be unable to follow tho 
dam. A modification of the procroati'v^ 
process has accordingly been suferin- 
ducod, which characterizes the Austra- 
lian mammals; tho young are prema- 
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turcly brought forth of embryonic size and helplessness, and are transferred to a 
pouch of inserted skin, concealing the udder; and in this marsupium, as in a 
well-stored vehicle, they are easily transferred by the parent to any distance to which < 
the climatal conditions may comx>cl her to migrate. The economy of this portable 
nursery, the requisite manipulation of the suckling young therein suspended from tho 
teat, demand a cei’tain prehensile power of the fore-limbs, a freedom of tho digits, w'd:h 
some opposable faculty in them, and the possession of so much sense of touch as would 
bo imfiossible were the digit to bo incased in a hoof ; the homy matter is accordingly 
developed only on the upper surface of the flngGr-end, and is in the form of a claw. 
But the imguioulato pontadactylc extremity— thougfi a higher grade of structure in tho 
progress of limbs — ^is not suited foi* the exigencies of tho 'herbivore, and wi^d have 
appeared utterly incohipatiblc with an existence dependent on grazing in wild pastures, 
had we argued from knowledge restricted to the forms and structures of the hoofed her- 
bivores of the Europsso-Asiatio, African, and American continents. How^ thep, it may 
bo asked, is this difficulty overcome the case of a grazu^ animal, necessarily a 
marsupial, and consequently an ui^^uicidato one ? The answer necffl only bo a reference 
to fig. 44 : the requisite fa^ty of migration of the pifrciLt with the tender offspring is 
gained by translbning tho lecomotivo power to tho hinder pair of limbs extraordinarily 
developed, and aide^v a Gorrespondiiigly powerful tail ; the fbra'limhs being restricted in 
their development to the size lequisite^or the marsupial offices ax^ other aocesseky uses. 

This is the conditikn or explanation of the seemingly anomaloas form and propor- 
tions of the kangaroo,— H90 strange, mdoed, that the expexie&oed naturalisti, Banks and 
Solander, may well be excused for surmising they had s^hn a huge bird when they 
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first cim^t a glimpse of the kangaroo in the strange land 
discoyered. 

The rapid course of the kangaroo is by a succession of leaps, in which twenty to 
thirty yards ar6 cleared at a bound ; the herbivore, instead of a^ swift courser on four 
pretty equally developed hoofed czti*emities, Ij, in Australia, a leaping animal ; and 
the saltatorial modification of the mammalian skeleton is here shown in that of one of 
the swiftest and most agile of the numerous* species of kangaroo, the Maeropm eUgms, 
In this kangaroo, 13 vertebrae are dorsal, 6 arc lumbar, 2 are sacral, and 28 aro 
caudal, the first fourteen oT which have hDemapSphyses. These elements coalesce at 
their ^tal ends, and form s^all hiemal arches ; they overspan and protect fi:om pres- 
sure the groat blood-vessels of the* tail, the powcrftil muscular fasciculi of which derive 
increased surface of attachment &'om these hscmtl qjrches. The pelvis is long ; the strong 
prismatic ilm, 52, anf *the ischia, 63, carry out the great flexors and extensors of the 
thigh to a distance from thSir point of insertionr^the fjmur, which makes these muscles 
operate upon that lover at a most advants^eCunf i the trunk, borne along in the 
violent leaps, ncedls to be unusually firfnly bound to the pelvio basis of the chief moving 
powers. Accordin^y^we find apaii* of Lonets, C4', extending forwards from the pubic 
symphysis, 64, along the ventral walls, giving ixa^reased bony origin to the unusually 
developed me^an abdominal muscles attaching the** thorax to the pelvis; and tlicse 
marsupial bones,’* as they are called, have acetissory functions relating to reproduc- 
tion in both sexes of the marsupial quadrupeds. The femur, 65, is more than twice the 
length of the humerus : it is sjnoportionally strong, with woU-developed great and small 
trochanters,”! and a fabella” behind one or both condyles. The patella is unossifiod. 
The fibula, 67, is immovcM-bly united to the lower half of the tibia. This bone, 66, is of 
unusual length i&id strength, and is firmly interlocked below with the trochlear astra- 
galus. The heel-bone sends backwards a long lover-like process for the favourable 
insertion of the extensors of the foot. This member is of very unusual length. The 
! innermost toe, or hallux, is absent ; tho second and third toes are extremely slender, 
inclosed asifar as tho ungual phalanx in a common fold of integument, and reduce^ to 
the function of cleansing tho fur. The offices of support and progression are performed 
by*thc two outer toes, tv and r, and principally by the fourth, which is enormously 
developed, and terminated by a long, strong, three-sided, bayonet-shaped claw; these two 
toes are supported, as usual, by the os cuboidcs, which is correspondingly large, Whilst 
tho naviculare and the cuneiform bones ore proportionally reduced in size. The bones 
of the fore-limb, though comparatively diminutive, present all the complexities of 
structuro^f the unguiculate limb. The clavicle, 58^ connects the acromion with the 
sternum, and aflbrds a fulcrum to the shoulder-joint. The humerus, articulating bdow 
with a radius and ulna which can rotate on each other, dovclopdli ridges above both 
inner and outer oondyles for the extended origin of the muscles of pronation and supina- 
tioi;. The brachial artqjrj’ pierces the cntocondy^id ridge. The carpal bones, answering 
to the scaphoii^ and Ittsar in the human wrist, are here confluent. The digits ere five in 
number, enjoy free, independei^t Inovemcnts, and are each terminatedby a ahaip^curved 
claw, • 

Skeleton of the Qnetoiinrfne.— The sbth is an exclusivelj’ arboreal animal ; its 
diet js tfiiage ; it Has J^ut to b|ing its mouth to tffe leafy food, and the lips and tongue 
Bi^t^ to atrip It from thi^hinmdies. The extremities, as we have seen,* serve mainly to climb 
andicUng to Jfranches, and oIbcasionaLly to hook down a tempting twig within reach of the 
mouth. There is, however, diother mudi mere extensive and divendfled order of arboreal 


which they, with Cook, 
t 
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TTMrniTnftla destined to subsist on the fruits and other more highly dovdopca products of 
the vegetable kingddni than mere loaves. In the monkeys, baboons, and apes tno 
extremities are endowed with prehensiie faculties of a more perfect and varied cha- 
xacter than in the sloths ; £id tMs additional power is gained by a full development of 
the digits in noimal dumber, with frec|and indc- 
pendent movements, which in one of them — tho 
first or innermost-^ore such as that it con be opposed 
to • the; rest, so that objects of various size can be 
grasped. This modification converts «. foot«into a 
hand ; and, as the mammals in <ficstiou have tho 
opposable “ thumb** on both fore and liind limbs, 
they arc called quodrumana,*’ or f^^ur-handed. 

The rest of the limb manifests a corresponding com- 
plexity or perfection of structuiE; the trunk is 
adjusted to accord with the 
actions of such instruments^ and 
the brain is developed in pro- 
Fig. 45. 
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portion with, the powmr of executing so great a variety of flBtioi& !&< 
the four-handed structure gives capacity for, ^ ^ • 




236 , COMPARISON OF THE BONT STRUCTURE OF THE APE AND MAN. j 

In the skiill of the quadramana seen indications of a concomitant perfection of ! 
the outer senses : tho orbits ore entire, and directed forwards, witH their outlets almost > 
on the same piano ; bath eyes can thus bo brought to bear upon the same object. The ■ 
rest of the thee} formed by tho jaws, now begins to bear a* smaller proportion to the < 
progressively expanding cranium. The ncclc,|j)f moderate length, has its seven vertex- , 
brae well developed, with the costal processes largo in the fifth and sixth : the dorsal 
vertebroo, twelve, in the species figured {Fithecm satyrtts), show by tihe oonvorgenco 
of their spines towards the vertical ono on the ninth, that this is the centre of piovo- | 
ment of the trunk. The lumbar veitebree are fous in number : in the i^erior monkeys 
they arc seven, and anterior ones are Rrmly interlocked by well-developed anapo- 
pbyses and metapophyses. Iho sp.crum is still long and narrow. The tail, in some of 
the lower (j^uodrumana, is of ^'oat Icngtl^ mq];ading 30 vortebraD in the red monkey i 
{Cereoj^thecus ruber\^ in which the anterior ones aro complicated by having haamal 
arches. Tho clavicles aro^entiro in all quadniman%> Thehumorus has its tuberosi- 
ties and condyloid cresti well developed. The radius rotates ircely on the ulna. 
The wrist has ni&e bones, owing toca division of the scaphoid, besides supplemen- 
tary 8csamoidi3 adfiing to tho force of «;>mc^ of the muscles of the hand ; tho thumb 
is proporSonally shorter in the fore than in t^ie ^ind foot. The patella is ossified, 
and in most baboons and monkeys there ^ is a fabcUa behind each condyle of the 
femur. The fibula is entire, and aiiiculated wth the tibia at both ends. The tarsus 
has the samo number and rclativo position of tho bones os in man ; but tho heel- 
bone is shorter, and the wh^p foot rather more obliquely articulated upon tbo leg, 
the power of* grasping being more cared for than that of supporting tbo body ; the > 
innermost toe forms a laago and powerM opposable thumb. 

There is a VcU-marked gradation in tho quadimmanous sorics from the ordinary 
quadrupedal to tho moro bipedal typo. In tho lemurs and South American monkeys [ 
tho anterior thumb is shorter and much less opposable than tho hinder one ; in the I 
spider-monkeys it is wanting, and a compensation seems to he given by t£e remarkable , 
prcbensild* faculty of tho curved and callous extremity of tho long tail. This member | 
in tho African and Asiatic monkeys is not prqbensilo, but tbo thumb of tho fore-hand | 
isnopposable. In the true apes the tail is wanting, t. e. it is reduced to the rudiment ! 
called oa coccygis j” but the fore-arms aro unusually developed in certain species, ( 
hence called “ long-armed apes.” Tliesc can swing themselves rapidly from boqgli to 1 
bough, traversing wide spaces in tho aerial leap. The orang (Fig. 46) is also remark- 
able for the dispreportionatc length of the arms, but this difference from man becomes | 
less in tho chimpanzees. The largo -species called Qprilla, which of all brutes makes the ! 
nearest Approach to man, is still strictly quadrumonous the g]»at too, or hallux,* 
being a grasping and opposablo digit. But the hiatus that dj^des this highest of 
{he ape tribe from tho lowest of tho human species is moro strikingly and decisively 
manifesllbd ifi the skull (Fig. 50). The common teeth in the male gorilla are deve- ; 
loped, as in tiie male*d!ra^, to proportions emulating the tusks of tho tiger ; they aro,^ 
however, weapons of combat tEid defence in these great apes, which are strictly fru- 
givorouB. Neverthdess, the muscles that have to work jaws so armed require mo^ca- | 
tions of the cranium aldn to thoao that oharacterizo the lion, viz., great interparietal, 7, [ 

and o^pital, 3, cristae and massive zygomatie arches. Tho •spines of the oorvioal j 
vei^bim are greatly Slongatca in relation to the support of such ^ skull, tho facial part | 
o^whkh ^ctends so Ikr mKadvanet) of the joint between the head and The chim- 

panzees, mraeover, differ from man in having thirteen pairs of thoracic moveable ribs. 
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Tho long and flat iliac bones, 62, tbo abort femora, 65, so articulated with the leg- 
bones, 66, as to rStein habftuaUF a bant position of the knee^ tho ^ort calcanea, c, 
and tho inward inclination of the sol^ of the foot, all indicate^ in the highest ^ in tho 
lowest quadrumano, an fiiaptitude for tho oroct position, and a co&pensating gain of 
climbing power favdhrable for a life tg bo spent in trees. 

In the osteological structure of man (Fig. 46), the vertebrate archetype is flirthost 
dopaitod froiR by reason of tho extreme modifleations required to adjust it to the peou- 
liar^osturc, locomotion, and endless variety of actions characteristic of the human race. 

As there is nothing, short of flight, ^nc by the mofing*powers of other animals 
that serpents cannot do by the*vertebra? column alone^o thcee is no analogous action 
or mode of motion that man cannot perform, anfl ^mostly bettpr, by his 'Wonderfully 
developed Hmbs. Tho reports of, tic achievements of our athletes, p^lse wrestlers, 
prissc pedestrians, funambulists, and the records of th(^ shai^-pursuing and shork- 
slaying amphibious Polynesians^ of the equestrian people qf the Pampas, of the Alpine 
chasers of tho chamois, and of tho scansorial bark^strippors of concur in 

testifying to tho intenaty of those varied pt^rers, when educed by, habit and by 
skilled practice. The perfection of almost ahPmodifications of ift;tivc and i^otive struc- 
tures seems to be attained in thtlulhiai^ frame, but it is a perfection dubto especial 
adaptation of tho vertebrate typS, with a proportional departure from its fundamental 
pattern. I^et us see how this is exemplified in tho skeleton of man (Fig. 40), viewing 
it from the foundation upw'ards. 

In the typical mammalian foot the digits decrc^lft from the middle to tho two 
extremes of tho series of five toes ; and in the modifications of this type, as we have 
traced them through the several gradations (p. 243, Figs. $5-39), the innermost, i, is 
the first to disappear. In man it is the seat of excessive development, and receives 
the name of ‘‘ hallux,’* or great too it iretains however, its characteristic inferior 
uunibcr of phalanges. The tendons of a powerful muscle, which in the orang and 
chimpanzee arc insortod into tho three middle toes, arc blended in man into one, an^ 
this is inserted into the hallux, upon which the force of the muscle now called “ flexor 
longus pollicis” is exclusively conceufrated. 

The arrangement of other muscles, in subordination to the peculiar devolopmoiit of 
this toe, moke it tho chief fulcrum when the weight of the body is raised by the 
powCr acting upon the heel, tho whole foot of man exemplifying the lever of the second 
kind. Tho strength and backward production of the heel-hone, e, relate to the augmou- ^ 
I tation of the power. Tho tarsal and metatarsal bones ore coadjusted, so as to form orobes 
I both lengthwise anj across, and rcc^eivc tho supeiincumbcnt weight from tftc tibia on 
^ the* summit of a bony vault, which has the advantage of a certain elasticity combined 
i with adequate strength. In proportion to the trunk, the pelvic limhs are longer tlfan 
in any other animal ; they even exceed those of tho kangaroo, and are pccufior for the 
superior length of the femur, 65, and fer the capacity of this Bona to be brought, v^cu 
the leg is extended, into tho same line with the tibia, 6$ ; the fibula, 67, is a distinct bone. 
The inner condyle of the femur is longer than tho outer one, so that tho shaft inclines a 
little outwards to ife upper end, and joins a nock longer than in other animals, and set 
on at a very open angle. The weight; of the body, received by- the round booife of tho 
thigh-bones, is thus l^onsfcrrod to a broader base, and its suppozt in the upright posture 
facUitatod. The pelvis is modified so as to reccivi? and snstafii bettor the abdonvnal 
viscera, and to give inoreajsod attachment to the muscles, os|»ccially the which, 

< comijaratively small in other mammals, arc in man vastly developed to balance the knnk 
i- 
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Upon the and lecipvooally to move^boae upon Uia trunk. The graat breadth and 
. anterior concavity of the ilium, 62, are eliaracteristic modiddidions ctff thia boBe> in man. 
The pelvis is more capadcus^ the tuberosity of the ischium is less prominent,, and the 
symphysis pulna diortcr, than in apes. The tail is reduced to three or four stmated ver*^ 
tebr®, anchylosed to form the bone called “os ^pccygis.*' The live vertebne which 
codesce to &na the sacrum are of unusual breadth, and the free or “ true’’ vertebmy 
that rest on the base of the sacral wedge, gradually decrease in size to %) upper part 
of the chest ; aU the free yeitebrsD, divided into five lumbar, twelve dorsal, and seyenc 
cervical, are so articulated as tb describe three alight «tnd graceful curves, the bend being 
forward in the loins, baokward^in the chest, dod forw^ again in the neck. A soft 
clastic cushion^ of “ intervertebral** eubstance, rests between the bodies of the vertebrse. 
The distributiqp and libration of the trunk, with the ^uperadded weight of the head and 
arms, are favoured by these gentle curves, and the shock in le^ing is broken and dif* 
fused by the numerous elastj^c intervertebral jomts. iThe expansion of the eraniinu 
behind, and the shor^ning of the jEacc in front, give a globe-like form to the skull, 
which is poised Jby a pair of condyles, tdvonced to near the middle of its base upon 
the cups of 4ho atlas; that there is but a alight tei^ency to incline forwards ishen 
the balanoii)g detion of tho muscles ceases, whdnjflke head nods during sleep in an 
upright postnre. * 

The framework of the upper extremity showS all tho peribetions that have been 
superinduced upon it in the mammalian series, viz., a complete clavicle, 68, antibrachial 
bones, 64, 66, with rotatory mdNi^monts as well as those of flexion and extension, and 
the five digits, 67, free and endowed with great extent and variety of movements : 
of those, the innor^ost, which is the first to shrink and disappear in the lowez mam- 
malia, is in man the strongest, and is modified to form an opposable thumb more powerful 
and eflectivo than in any of the quadrumana. The scapula, 61, presents an expanded 
surface of attachment for the muscles which work the arm in its free eockdt . the 
Ifrunerus, 63, exceeds in length the hones of tlie fore^arm. The carpal bones, 66, 
are eight in number, called scaphoides, lunare, cunciforme, pisifonne, trapezium, 
trapezoidcB, xnagnum, and unciformc ; of these &e scaphoid and unciforme are com- 
pouidl bones ; they consist each of two of the bones of the type-carpus, connate. 

In the human skull, viewed in relation to the archetype, as exemplified in tho fish 
and the crocodile, the following extreme modificarions have been established. In*the 
occipital segment the hsemal arch is detached and displaced, as in all vertebrates above 
fish ; fin pkurapophyiis (scapula, 51) has exchanged the long and slender for the broad 
and flat foin f the hmmapophysis (coracoid, 62) is rudimental, an^. coalesces with 51. 
The neuvapf^yies (egmccipitals, 2) coalesce with the neural spine ^perocc4>ital), dhd 
neit with tho Geifi|tHit (basiocoipital). This afterwards coalesces with the centrum ^asi- 
sphenoid) of th# parietal segment. With this centrum also the neurapophyiee, called 
“ alh^enotds,** and tbe'i^ntnim of flie frontal vsrtebra, called “ presphenoid’* become 
anchylosed. ^Ihe neural spine J^parietal) retaina its primitive distinctimsB, but 
enonnOttsly expanded, and is l&fid rdation to the vast expansion of the brain in 
man* The parsKpophysis (mastoid) becomes confluent with tke tym^ic, petrosal, and 
squanMMH(}, and with tho pleunnM^ysis, called “ftylohyal,** of &e hramal (hyoidian) 
arch. T& hmmapophfsis is ligamentous, save at its junction ijfih the hmmal spine 
whfl% it forms the ossiclS calftsd “ leaser cornu of the hyoid bone,” the spine itself being 
the. basihyal ^ body of theehyoid bone. The whole of this inverted ardli is much 
reduced in size,. ifo frmotionB being limited to those of the tongue and Larynx, in regard 
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to taste, speedh, and dog^udtioia. Tha neurapo^yses (orbitospenoida) becoming coii« 
fl nfetit . with the centram (presphenoid) of tho frontal yertebra, and the latter coalescing 
with that of the parietal^Tortebra, the compound bone called sphe^id’' in anthro- 
pototey results; wh^h combines the centrums and ncumpophyses of two cranial 
yertebre, together with a diverging apfondage (pterygoid) of the maxillary arch. 

The knowledge of the essential nature of such a compound bono gives a clue to the 
phenomena o^its development from so many separate points, which final causes could 
nbvor have satisfactorily afforded. As the centrum, becomes conBuent with 
Ko. 1, a still more complex wjiole* resijfts, which has aecordin^y been described 
os a single bone, under the name of os spheUo-ociipital'^ in some anthropoto- 
mics. Such a bono has not fewer than twelve adistmot centres of ossification, 
cortesponding with as many distinct^oncs in the cold-bloodc^ animalf that depart 
less from the vertebrate archetype. The spine of the frontal vertebra (frontal 
bone) is much expanded and biSd, like the parietal bone ;* but the two halves more 
frequently coalesce into a single bone, with^wbich the parapoBhysis (postfrontal) 
is connate. The pleurapophysis of the haemal arch (tympai^c hcnc)^ is reduced to 
its function in relation to the orgmof hearing, and becomes onchylosed to tho petrosal, 

I the squamosal, and the Itosmapophysis is modified to fonxf the den- 

I tigeroiis lower jaw, but articulates, aq in other mammalB, with a diverging appendage 
> (squamosal) of the antecedent heemal arch, now interposed between it and its proper 
: plcurapophysis i tho two hiemapophyse% moreover, become confiuent at their diatsl 
i ends, forming the symphysis mandibular. , 

I The centrum of the first or nasal vertebra, like that of the Jost verte^a in birds, is 
I shaped like a ploughshare, and is called vomer :** tho neurapophyscff have been sub- 
j jeet to similar compression, and are reduced to a pair of vortical plates, which coalesce 
I together^ and with ports of tho olfleurtory capsules (upx>cr and middle turbinals), forming | 
I the Gompounfi bone called sethmoid of which the neurapophyses (prefrontals) lbrm*| 
j the lamina perpendicularis” in human anatomy. The prefront^ assume this cmafluo 
I ence and concealed position even in sonv) e.ff , — and repeat the character 

I in all mammalia and in most birds ; but they b^omo partially exposed in the ostrich 
: and the batraehia. The spine of tho nasal vertebra (nasal bones) is usually bifid, like 
thosc^of the two succeeding segments ; but it is much- less expanded. The hsemal, called 
maxillary” arch, is formed by the pleurapophyses (palatines} and by the hasmapophyscs 
(maxlUaries), with which the halves of the bifid hcsAal spine (laremaxUlaarics} ore partly j 
connate, and become completely cegfiluent. Each moiety, or piemaxillary, ig reduced 
to t^ siae required lor the lod^ent of two vertical incisoia : as the cimiues in man { 
do not exceed the a^oining teeth in length, and the premolars are reduced to two ifi I 
number, tho alveolar eatoit of the maxillary is short, and the wbolo Jayr is very 
slightly prominent. * 

Of tho diveigmg appendages of tho maxillaiy arch, the mor^ constant one, caUed 
pterygoid,” articulates with the palatine, but coalescdb yiththo i^henoid; Ihe second 
pair, formed by the malar, 2fi, and squamosal, 27, has been subject to a greater degree 
of modification ; it Aill performs the frmetion assigned to h in lizards and birds, where 
it has its typical ray^lile figure, of odhnecting the maxillary the tympaxdo ; but 
the second division of^he appendage (squamosal) wMch be^an expand in the lower 
mammalia, and to strengthen, without actually forming part, of the walls ci tho braSn- 
case, now attains its maximum of development, and forms aif integral constituent of the 
cranial parictos, filling up a large cavity between the neural archeg of tito oecipitalkn^ 
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parietal segments. It coalesces, moret»Tcr, with the tympanic, nmstoid, and petrosal, 
and forms, with the subsequently anchylosed stylohyal, a compound bone called 
“ temporal’* in lyiman anatomy. The to tfie complex beginning of this “ cranial ” 

bone is again given by the discovery of the general pattern on which the skulls 
of the vertebrate animals have been constnittod. In relation to that pattern, or 
to the archetype vertebrate skeleton, the human temporal bone includes two 
plcurapophyses, 38 and 28, a parapophysis”, 8, part of a diverging Appendage, 27, 
nnfl a sense-capsule, ^ ^ ‘ * 

The departure from the archetype, whi^ wc*obfi|£rvc in the human skull, is most 
conspicuojis in the neural spilLea of the three chief segments, which, archctypally, may 
bo regarded as deformities by eacess of growth to fulfil a particular use, dependent on 
the maximi^fation of^tho brain ; the deviation A again marked by arrest of growth or 
suppression of parts, as e.%, in certain parapophyscs, and in the hsemal arch of the 
parietal segment ; it is moft frequently exemplified in the coalescence of parts primarily 
and archetypally distinct ; and it is manifested by tho dislocation of a pari — 

viz., the hoomOl areh tho occipital segment— the diverging /ays of which have become 
the seat of that marvellous development which has resulted in the formation of tho 
osseous blais of the human hand and arm. ^With 'tqe above explanation the structure 
of tho human skull can be intelligibly comjpohendcd, and not merely ompirieolly 
understood, as through the absolute doscriptions penned in reference to material and 
utilitarian requirements, and ^thout reference to tho groat scale of yeriebrate struc- 
tures, of wliiclj, man is tho summit. 

Tho fruit of a series of comparisons, extended over aU the vertebrate kingdom, being 
tho recognition 6f tho archetype governing the structure of tho vci’tobrato skeleton, the 
expression of such knowledge has necessitated tho use of general terms, such as 
“ vertebra,” for the segments of the skeleton, “ neurapophyses,” for a constant element 
« of such segment, and the like general names ” for other elements. ^Vhen any of 
these elements arc modified for special functions, then also a special name for it becomes 
a convenience, as when a “ plourapophysis becomes a jaw or blade-bone, &c., a 
^.ivorging appendage” an arm or a leg. Deep thinking anatomists have heretofore 
caught glimpses of these higher, or more general, relations of tho vertebral elements, 
when much modified or specialized, Os e.y. in tho head, and have tried to give expr^Ssrion 
to tho inchoate notion, as when Spix called the ** maxillary arch ” tho “ arm of the 
head.” These glimpsos of a greftt truth wore, however, ill received; and Cuvier I 
alluded |o them, with iU-diaguised contempt, asibeing unintelligible and mystical I 
jargon, in his groat work on Fossil Animals (1825). But the trror or obscurity lay i 
i 2 ither in the mode of stating tho rolationsliip of certain bfnes of tho head to 
those of^tho trank, than in the relationship itself; in the endeavour, 0 .y., to express 
the relation )>y specit^ instead of general ^erms. Even in 1845 tho learned and 
liberal-mindsd editdr nf Baron Cuvier’s last ooiirsc of lectures, M. de Saint Agy, 
commenting upon the osteologidhl essays of Spix and Oken, remarks : ** For my pari, 
nn * upper jaw* is an * upper jawy and an ‘ arm' is an * aim.* One lAust not seek to 
ofri^ato «n osteology out of a system of metaphysics.”* But a‘*jaw is not the less 
a, jaw^because it is«a«**hmiftapophy6is,** nor fs on arm tho fess an aim because it 
“diverging appepday.” In the same spirit a critic might‘write : “ Newton colls 
this earth a * planet,' ana the moon a * satellite for me the cartii is an earth, and 

• •< Pour Hioi, une mAcholre superlenrc cst une mAchoire superienre, et un bras cst an bras. II 
ne fimt pte febereher A faire sertir I'osteolofrie d*pn sy.steme de^metapbysique.** 
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tlie moon is a mo^. One must not striye to make an ouranology out of a system of 
metaphysics.” After the first recognition of a thing, one may seek to penetrate, and 
succeed in knowing, its e^tial naturl, and ^ct keep within the bounds of nature. 

In no class of vci;tobrate animals is the progressive superiority of Ihe cranium over 
tho face marked by such distinct stageiA 

as in the mammalia. Various methods Fig. 47. 

of determininl these proportions have 

bGen*propo8ed ; but the only satisfactory 

one is liy comparing vertical s^tions 

of the skull, as in the series figured in * 0 ciocoftiM. 

the cuts 47 — 62. • _ ^ * • 


In tile cdd-blooded ferociouB fflM8odilo (Fig. 47), the oavi^ for tin brain, in a 
stall three feet long, will aoaroely contain a man’s thuvb. Almost all the stall is 
made up of the instruments for gra- 

tifying an insatiable propensity to * *• 

slay and devour; it is* the material • 

symbol of the lowest animal pa^ion.^ * 

has expanded vertically and laterally^ ™ 

but is confined to tho back part of the awatbobs. 

skull. In the small singing birds, with shorter beaks, the proportion of the cranial 

cavity becomes much greater. In the •• 

dog (Pig. 49), the brain-case, with more * * * 

capacity, begins to advance further for- » 

ward. In the chimpanzee (Fig 60), the 

capacities oj area of the cranium and toS: 

face ore about equal. In man the cranial 

area vastly surpasses that of the face. * 

A difference in this respect is noticeable 
between the savage (Fig. 51) and civi- • 

lized (Fig, 62) races of mankind ; but it is immaterial as compared with the contrail in 
thisarespect presented by the lowest form p. ^ 

of the human head (Fig. 51) and tho ' ' - 

highest of the brute species (Fig. 60). \ 

Such as it is, however, the more ^ntracted \ 

cranium is common^ accompanied by more 
produced premaxiUarios and thicker walls 

of tho cranial cavity, as is exemplified in the | \ * . 

negro or Papuan ski^. \ 

If a line bo drawn from the occipital \ * 

condyle along the floor of the nostrils, and \ 

be intersected* by a second touching tho * A 

most prominent pdrts of the forehead and * 

upper jaw, the intercepted ang^o givfs, in a ^ \ SHH^KSn 

general way, the proportions of the cranial * 

cavity and the grade of intelligence ; it is * • * ^ . 

called the facial angle. In the dog this • • 

angle is 20"; in the great chimpaiurec, or gorilla, it is 40*, but the prominent super- 
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A rotrospoct of the varied Hbrms and proportions of the i&clctonfi of animals, whether 
modldcd for aquatic, aerial, or tt'ircstrial life, will show that whilst they were perfectly 
and beautifully a4lapted to the sphere of life and exigences of the species, they adhered 
with remarkable constaney to that general pattern or archetype which was first mani- 
fested on this planet, as Gei^ogy teaohosy in the class of fishes, and which has not been 
dapaitod fipoin^TiBn in the moM extxmncly modified skeleton of the last*and*highest 
Vbnn which CMtave Wisdom ha* hm pleased to place upon this earth. 

It is no more transcendental dream, hut true knowledge and legitimafe fruit of in- 
ductive research, that clear insight into the essential nature of each element of the bony 
frothewock, which is acquired by tracing them step Ij step, as, e. y., from the unhranched 
pectoral ray of the Icpidosiren to the equally small and calender hut bifid pectoral ray of 
the amphiumc, thence to the similar hut tridd ray of the proteus, and Ihiough thif pro- 
gressively superadded structures and pexfcctiQns of the limbs in higher reptiles and in 
manmials. If the special homolcigy ^ ^ach part of the diverging appendage and its 
BupportinI mh ace man to the fiSh, we cannot plose the mind's eye 

to tho evidsaips fj^HIlMitMghei law cf archetypal confbnuity on which Ihe very poVer 
of^tracing theiaij^imrd more special corrospondences depend. 

K hiS Introduction to his great wor}c on Natural History, 

ramx judge, and our knowledge turns entirely on the 
which resemble them and to ^ose which differ 'from 
Is, the nature of man would be frr jpore iheon^o- 

*B general nativn and poweoi:^ it is eqiially »& 

jikic poet frit lihat—* . * . 

• . ’ r «*:nf freBabUme^iDaii, 

. Oar acaatlse majssty, to kuoWoSrsalvM 





Vertobratod animiilg of progressively higher grades of structuro have existed at 
successive periods §f time on this planet, and they were constructed on a conunmi plan 
with those that idll exis^ * * * 

Some have concluded, therefore, that the characters of a specie^ become modided 
in successive generations, and that fit was transmuted into a higher species ; a rep- 
tile, into a jmamiaal ; an ape, into a negro. Lot ns cojBsider, therefore, t^ 
import and value of the osteologioal differences between the gorilla<-"the highest of 
Idl fipes — and man, in refOTcnce to this ** transmutation bypojhesis.'' The dedeton 
of an may be modified to ft ceztdhi extent by thi action of the muscles. By 

the development of the processca, ridge^ and crests, tl^ ahatiftuist judges of the mus- 
cular power of the individual to whom a skeletoff wxisr compgrison has appertained. 

A very atrihing difference from «the fonii of the human cranium resets from the 
development of certain crests and ridges for the attachi^ent eff musclesi in the great 
apes; but none of tho more iihportant differences on ui|ioh the naturalist relies for 
the deterzuinotion of the genus and species of the otaags and cl^mpansees have such | 
an origin or dependents relation. The greaf superorbital ridge, s.c., against which the 
facial line rests in Fig. d(f, is not the cdkise^uencc of musculs^ action or dovelepiaeDt : 
it is characteristic of the genus Tt^floi^tea iram the time of birth; andjve have. no 
grounds for believing it to be a*oharacter to be gained or lost through the operations of 
external causes^ inducing particular habits through aucoessivo generations of a species, i 
No known cause of change productive of varieties of mammalian species could ‘ 
operate in altering the size, shape, or connections of thfi prominent premaxillary bones, < 
which so remarkably distinguish the great Tri^lodytes gorilla firom tile lowest races of : 
mankind. There is not, in ^t, any other character than ttiat fimnded i^on the deve- 
lopment of bone for the attachment of muscles, which is known to be ^ change 

through the operation and influence of external causes. Nine-teuiQis cC tim difibrenocs 
which hav^ been cited (see the Triinsactions of the Zoological SoofeMy,'* voL iU., 
p. 413), as distiBguishing the great chimpanzee £:om the human specd% must stmd iSi 
contravention of the hypothesis of transmutation and progressive denicpauRl^ until 
the acicei)tor8 of that hypothesis are enabled to adduce the faeta demnjgti'atlve cf tiic , 
conditions of the modifiability of such characters. Moreover, as tim gendtic finems fif tiio 
ap^ tribe approach the human type, they are represented by femsr specliB. 13ie unity 
of the human ^cies is demonstrated by tbe constancy of those oate(Aohfc*^ smd dental ; 
peculiarities which arc seen to be most characteristic of the bimam in icUUliraflBstiiwttion , 
from the qmdrumana, ^ 

^ Mat is the sole species of his genus {homo)iig4i» sole repsesentiatifutif has prder « 
{bifnam ) ; ho has nearer physical relations with tbs brute kind titan thwe timthblong I 
to the chamotam which link together tihe unguimihite division of tim.maMMliand^ 

Of the nature of the creative acts by which the suoeessive races of aitiduiti wuae called ; 
into being, we are ignorant But tSis we know, that as tiff^'eyidenae iff plan , 

testi&ea to the oheneas of the Creatoflc, mo the modifications of the idna rtfiWhtWBt n^odea 
of existence Blustrate the beneficence of the Designer* those Btruotium^l||aMO^ which ' 

. are at present imhmprtiieoslble ns adaptations to n special end, are maAe^iHipatiiLenBibl^ J 
on a highm isnnmiai, and a finni purpose m gtined inij^atiiBi to hum^ 
in the UMtaneas wbsaa the analogy cf hiiinaiily xmaBted ma8hines dUi|^ the j 

ftruetuxe of a iffivinaly oreatad organ, saiih organ does imbeadft in vai£*|f com- > 

.prohanaimvia xalatieh tatim Dhtiiie jdaa, or pshoe Hxagiplm^ lead rational btioffli# ft] 
bettor oi»ieeptiim.af1lwic am EICHAEDIW^yy. | 
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/>F TSETB. 


ON THE PRINCIPAL FORMS AND STRUCTUREIJ OF THE TEETH. 


At the oommenoement of the Treatise on the Principal Forms of tlic Skeleton, it was 
stated t^at tooth/' like bone," was the reenilt of the combination of Sertsin earthy 
salts wiilx a pre-existing cellular basis of animal matter. The salts, as shown in a'^sub- 
joined table, are nearly the aame as those in^bone, *but^enter in a larger proportion into 
the composition of tooth, add ipnder it a harder b^y. So composed, teeth are peculiar 
to the back-bonod (vertebrate) ai^ihals, and are attached to parts of the mouth, com- 
monly to the Jaws, They present many varietidb as to number, size, form, structure, 
position, and mode of Ittochgient, but are principally adapted for seizing, tearing, divid- 
pounding, or grinding the food. In some species ftey are modified to servo os for- 
midable weapons o$ offence and defenge ; Jn others, as aids in locomotion, means of 
anchorage, instcum^ts for uprooting or cutting down treoB|^ oi*for transport and work- 
ing of building materiaft. They are characteHstic of age and sex ; and in man they 
have secondaiy relatUms subservient to beauty ani to speech. 

Tooth arc always intimately related to the fo^d and habits of the animal, and arc 
therefore highly interesting to the physiologist . they form, 
for tho same reason, important guides to the naturalist in the 
closllfication of animals ; and their value, as zoological cha- 
^racters, is enhanced by the facility with which, from their 
position, they can be examined in living or recent animals ; 
^ whilst the durability of thoir tissues renders thorn not loss 
available to the palseonthologist in the determination, of the 
nature and affinities of extinct species, of whose organization 
they ore often the sole remains discoverable in tho deposits 
of former periods of tljo earth’s history. 

Tho substance of teeth is not so uniform os in bone, but 
consists commonly of two or moro tissues, charooterized by 
Hio proportions of their earthy and animal constituents, 
and by the size, form, and dixeotion of the cavities in the 
animal basis which contain the earth, the fluid, or the vas- 
oulor'pulp. ^ 

The tissue which forms the body of4hc tooth is caQed 
d^tine" Lat.,) Fig. 1, <f. ^ 

The tissue which forms the outer crust of toe tooth is called 
too “cemeur {ctemetOum^ and crusta petmstiy Lat.), lA, c. 

V The third tissue, ilhon present, is situated between toe 
dentin% and omnent, and is called enamel" {nmeauBtumy or 
adatAuy Lat.}, ib., a. ^ . 

“ Dexitmc" consists of an organized ftTiimal basis di^osed 

paltriest' these particles have a twofold anaiigentent, 

' i ' ^ ' ^^her hllteded wito the animal matter of the iutoiapaces 

tMTteir littoBoa »a4 pKci^ of toe tubes and odla, or eontomed in a 

tmagpffied)* minutely gcansdar state in toeir cavities, The density 



DEFIl^ITION OF pSNTAl. TISSUES. 


205 


of the dentine arises principfill 7 firoxn the profortion of earth in the first of these 
states of oombinatft>n. The tubes and cells contain, besides the granular earth, a 
colourless fluid, probably J^ansuded ** ^flasma,*' or liquor sanguinis/’ and thus rekto 
not only to the nioeh|nieal conditions of the tooth, but to the vitaJity^and nutrition of 
the dentine. % 

In hard or true dentine, the tubes called dentinal tubes ” diverge from the hollow 
of the tooth, called “ pulp-*cavity” (Fig. 1), jp, and proceed with a sHghtly wavy course 
A right angles, or nearly so, to the outer surface. The hard substance of the tooth is 
thus airanged in hollow columns^ pef^pendi Ailar to the planS of'prcssun?, and a certain 

elasticity result^ fPom^eir curves : they are 
upright wH^ the grilling surfdbo of the 

» crown receives the a]^pulso of opposing 

tooth, and ore h^zonfld whero they have to 
^ resist the prcssui^ of contiguous teeth. In 
Fig. 2^ a highly magnified view is given of a 
small portion of human dcntiiyd, showing the 
liubSli, d in the inteftub^ar sul^tance, with 
Hie traces, cc, of the primitive cellular con> 
stitution of tliat substance. For the mode in 
which the nucleated cells of the primary basis 
of the tooth, called “tooth-pulp,” are con- 
verted into AAtine, reference may be made 
to tlie author’s “Odontography” (Introd., 
plates 1 and 2). T^o tubuli^ besides fUlfllling 
the mechanical ends above stated, receive the 
phuma transuded from the remains of the vas- 
cular pulp, which circulates, by anastomosing 
branches of the tubuli and by the plasmatic* 

.*cno, w (highly magnMeeu. inti^ubuto Bubstoce, 

the dentme, maintaining a sufficient though 
languid vitality of the tissue. The delicate ncrve-branchcs on tlie pulp’s surface, sbme 
minqtc production of which may penetrate the tubuli, convey sensations df iihpressions 
afiecting the — sensations of which every one has experienced the acuteness 

when decay hga afieoted the dentine, or when mechanical or chemical stimuli have 
“ set the tooth on edge but tr^o “ dentine” has no canals large enough to admit 
capplory vessels with the red paiticloB of blood. x * . . . 

The first rnodiflegtiem of dentine is that in which capillary tracts of the primitive 
vascular pulp renkin uncalcifled, ftnd permanently carry red blood into the substance 
of the tissue. These so^^called ‘‘vascular can^” present various di^pesitioni in 
the dentine which they modify, and* which modification iif'cgHed “ v^-dentitic.” 
It is often combined with true dentine in the game tooth, s, ^.,*in the largo 
incisors of oeitain rodent^ the tusks of the elephaflt, the molan of the extinct . 
iguanodon. • • 

A second ]nodifle2tio& of the fuadamental tissue of the t^h is whero th^ cell u lar 
basis is arrangod ing^mcentrie layers around the vaseulBr oanafii, and epntains “ radi- 
ated cells” Iflte those of the osseous tbsue ; it is Oidled ‘bnteft-dentine.” The ton- 
sitiem firom dentine to vaso-dentine, and ficom this to ostcoadentme, is gratluaJ, ana the 
resemblanoo of osteo-dentine to true bone is very dose. 


CHEMICAL AVD COlCSPOEZTZOir OF TEETH. 


^Cement** alvAfs dtoself oomoiiyDnds in teittare with the oeaeous tissue of the 
same nnimai ; sad whmver it oconrs of sufficient thickness, as u^sm the teeth of the 
hezaa, idoHi, or niminaflt, it is also transtersed/like bone, bf Taseular canals. In 
tilM Bfid'n^anuadla, in which tlie animal basis of the bones of th^ skeleton is emvated 
by minute radiated cells, these arc likewise present, of similar size and form, in the 
! cement, and wre its chief characteristic as a constituent of the tooth. The rdatiyc 
j density of the dentme and cement Taiics According to th^yj^aj^ortion' of the earthy 
« <. material, and chiesfly of that part which is combined with animal matter ha the 
^ walls of the cayities, as compared with tho^ize ahd number of the cavities themwdyeB. 

’ In the complex grindors 'of^the elephant, *tho maslcd boar, and the capybara, the 
. cement, Arhieh fimns nearly hi^lhe mass of the tooth, wears down sooner than the 
1 den^e. « ^ ^ m 

The’ ^^cnamd** id'lho l^prdcst constituent of a tooth, and oonseqocntljr the hardest 
; of anima}: tissues ; but it consists, like the other ddhtal substances, of earthy matter, 
airangod by orgapie forces in an animal matiix. Her^ hownver, the eatih is 
mainly contaiiiad ^in the canals of the animal nmibrane, and in mammals and 
reptiles, oamplotcly fills those canals, whiffii are compixatmly widc^ whilsti their 
parietes are of cjctamnc tenuity. t * ^ 

CHEMICAL COMPOSmOX OF TEETH.* 
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Tho exsanplBS lu^e oxtrem^y few:, and, as far ^ I know, are peculiar to the class 
I^ms, of*caloificd teeth, which consist of a single tissue, mad this Jis always a modifica- 
thm of dsutido. Hae large pharyngeal teeth of the wrasse (Xajyi/v) consist of a very 
MMl kind of dOi|tine. 

The iM^'otttge of complexity Is where s portion of the dentine Is modified by yss- 
eniir cottibi^ Taeftfi, composed of dentidb snd yaaodenthiie, ore vary common in 
fishes. * • 


The hard dekthie is alwi^ external, and holds the plaee and perffinna the office 
of enamel in the teeth of higher animals. The grinding teeth of the dugopg^ ,and the 
the great spa^iffiala, ore examples of teeth Offiaposed^af d qii tinfi tuid 

W Ihcilh^of fibdiiMi, Ita.gmat mtmot oongeneiv the aMjgathfiiriumi ihe hard 
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devLtiine u reduced to a thin layerv and the chief bulk of the tooth ifl made up of a 
oentral body of Tast-deutWi and a thick extenud ecust of ceinciit. ^ 

The bard dentine ui,.of couxee, the firmect tiaene of a tooth eo com- 
poeed, and fonoa the eietf of the transverse ridges of the grinding 
surfioe, like the enadlel plates in the e^phvi^’g grinder. 

The human teeth» and thoseof the eanuvoroiu mammals, appear 
at first sight to be oomM^of dentine and enamel only ; hut their 
eroMCae are origina]ji^;^^l^ their fangs aro always, covered by a 
thin coat of oement There is also commonly a small tentSral 
tract of osteo-dentine in old teetlL * • • 

The teeth, called compQuod or complex, ui mOhmstBa, diffisr^ 
as regards their composition froi^ the preceding rnily hy the 
different proportion and di^oeition of the constituent tiasu^ 

Fig, 2 is a longituduial soctisn of the incisor of a horse ; ^is the 
dentine, ^ the enaiuel, and e the cement, a layer of wbioh is ^ 
reflected into the deep oeptral dc^ssion of tliodlrovn ; s mdieates 
the coloured mass of tartar and particles of fdbd which fills up the * 
cavity, fonning the ** msjk*’ of the barse^aler. 

A very complex tooth may be formed out of two tissues by 
the way in whkh these may be intorblendod, as the result of an i 
original complex disposition of the constituents of tho dental 
matrix. •» 

Certain fishes, and a singular family of gigantic extinct sEqyioy ^oi^ noMfc a 
batrachians, which I have called “ Labyrinthodonts,'’* cxhibft, as ^ 
the name implies^ a remarkable instance of this kind of complexity. Tho tooth appears 

to be of the simple conical land, with the 
• • exterior surface merely striated longitudi- 

nally ; but, on making a tnuf^orse section,* 
as in Fig. 4, each st^^ la a teure into 
which tho vciy thin cxtsxMft mement, 

is reflected into the 

lowing the sinuous- Itibef of 
dentine, d, which Mdsal 

pulp cavjty, a. TlMlVltiiMlilM 
reruns stiftightfloridpiBrtfl^ 
becomes wavy, tho'Wviib6i''fMi^^ 
in breadth as thcy^MMi^i^^ 
of the tooth; thcM^AM^ivrtarwi- 
dulationa are aimpl©,N(liiM!^i|^^ 
becomes broken by- 

waves ; tbyso become ^bld 

appnoaefacs ttto centre of when it 

increases jin thickness, md finally tenninates 
xsamiafeaeiiicw, , by a 8%ht dilatatioil or lo^ dow to the 
^ ]^p-oavity, tpm fir^itich the fi?eo margin of 

theislteetedialAiOf by an cxtoemelbr tWnWer of defitine. The 

iitoiihernf tlmififieetodoeQ^ of dentine is e3)^flfily«t the fluddle of the 

* •* FtoceefiagfvQrtbfrGeebwkstl toalcty/’ Jam S», l»4l. p. SW. a * 


The tooth appc>ars 
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COMPLEX AND COMPOUND TEETH. 


drown of the tooth, hut is greater at tlM base. All the inflected Mds of cement, at the 
base of the tooth, have the same complicated disposition with incteascd extent ; but, 
as thojc approach thei]«« termination tow^ffds the upper part of the tooth, they also 
gradually diminftb in breadth, and consequently penetrate* to a less distance into the 
Bubstanoo of the tooth. Hence, in such a sectii|f)n as is delineatcSi (Fig. 4), it will be 
observed that some of the convoluted folds, as those marked e extend near to the centre 
of the tooth ; others, as those marked reach only about haliywiy to the centre ; and 
those folds, c", whic^, to uso a geological expression, are “ crd|piiig out,** penetrate* to 'a 
very short distance into thd dentine, and rtoomblh, in .their extent and simplidty, the 
converging folds of ceihonlf ic^he fangs of tfle tooth ol the ichthyosaurus. 

The deposition of the dentini^ % is still more complicated than that of the cement. 
It consists of a slender^ central, conical column, txcavated, by a conical pulp-cavity, <7, 
for a cdWn distance wm base of the tooth ; and this column sends from its circum-^ 
ferenoo, radiating outwardii^ a scries of vortical platcfi, which divide into two, once or 
twice, beflire they terminate at the periphery of the tooth. Each of these diverging 
and dichotos|u«iing plates gives off, throughout its coiuso, smaller processes, which stand 
at right angles, or neaify so, to tho main ^late. They are generally opposite, but some- 
times HtCVnate ; many of the secondary plates oV processes, which are given off near 
the centre of tho tooth, also divide into two before they terminate, as at «; and their 
contour is seen, in the transverse section, to partake of aU the undulations of the 


folds of cement which invest tliem,' ond divide the dentinal plates and processes from 
each other. 

Another kifld of com]^Iication is produced by an aggregation of many simple teeth 
into a single mass. 

The examples of these truly compound teeth aiu most common in the class of flshes ; 
but tho illustration here selected is from' the mammalian class. Each tooth of tho Capo 
Flg*5» ant-eater {Orycteropus)^ presents a simple fo^, is deeply 

A set in the jaw, but without dividing into fangs ; its broad 
and flat base is porqps, like tho section of « common cane. 
The canals to which these pores lead, contain processes of a 
vascular pulp, and arc the centres of radiation of as many 
independent series of dentinal tubules. Eaob tooth, in 
fact, consists of a congeries of long end slender prisbiatic 
denticlcc of dentine, which arc cemented together by 
tiieir ossifled capsules, tho columnar dentides slightly de- 
creasing in diameter, and occasionally bifurcating as they 
approa^ the grinding surfruic of the^ tooth. Fig. 5 gives 
a magnified view of a portion of the transverse section of 
the fourth molar, showing e, the cement; the dentine; 
and the pulp-ca\1ty of the denticles. 

In the elephant the denticles of the compound molars 
foS in the form of plates, vertical to the grinding surface 
transverse to the long dieter otf the tooth. When 
^magniSed). ^ iShg tooth is bisected vertically and*]engthwise, the three 
dentine,* c, enamel, and e, cement, are seen inte^^lended, as in Fig. €, 
mwhiei)ii jp the com&on^pulp-oifVity, and r one of the roots of this complex tooth. 

S^h sace some of the proEoinont flsatnres of a field of observation which Comparative 
Anatomy opens out to our view— ^udi the varied nature, and such the gradation of 
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complexity of the dental tiaanes, which, tip* t<Fl)eccmber, 1839, continued, notwith- 
Yijf 0. standing Buccessive approximations to the truth, 

*to W described, in Bystematio works, as a 
phaneroB," or “a dead part or product, ex- 
haled from the surface of a formative bulb 
Dental System of Fishea.r~The teeth 
of iishos, whotW we study them in regard to 
their number, form, substance, structure, situa- 
tioil, or mode of attachment, offer a greater and 
m&o striking 6e|ic^ of Varieties than do those 
of any otheAj^ss of animals. * 

* As to number, they rimge from 90 TO to count- 

less quantities. Tl^ lancfict, the ommocetc, the 
sturgeon, the i>sddk)'fish, and the whole order 
of kphobranchiiy arc cdcntultus. The myxinoids 
have d single pointed tooth on the roof of the 
nfoutK, and two serrated mental pVtos on the 
’ tciaguc. The tench has a single griivlii% tooth 
on the occiput, opposed to two 'dentigerous 
pharyngeal jaws below. In the lopidosiren a 
single maxillary dental plate is opposed to a 
single mandibuldl' one, and there arc two small 
LOKoiTTinixAL BECKON OF PART OF donticles OH tho nosol bone. Tin the extinct 
aaiNDER OF ELEpiiANi. shaiks with crushing*tccth, cfdlod eeratodus and 

tenodusj the jaws were armed with four teeth, two above and tv^o below. In the 

% 7 . 









• SXULl. 0» TKJb.PlXX, SHOWING TII» TEETH. ^ ^ 

two mandibular teeth are opposed to four maxillSr y teStft. From this low point 

♦ Bee the Fasoioulas of M. de Blainyille’B fficat "worhi ** Oetfeographle eFOdoxitographle d’Animaux 
Vertobres,** which he submitted to the Academy of Sciences of the Institute of Frawe on the^me 
day, Deoemher Iflth, 1889, on wMeh I eemmunicated, oh the oecasicSi of my election as oorrespondinff 
member of that body, mj ** Theory of the derelopment of dentine by centripetal calcifieutum and 
conversion of the cells of the pulp.** 
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tho number in difBsrcnt fiabes is progressir&ly multiplied, until in the pike (Fig; 7), the 
siluroids, and many other fishes^ tho mouth becomes crowded with fountless teeth. 

With rospect to fohu, it may be pfemised that, as haings withdraw^ 

themsolyes moro hnd more, in their ascent hi the scale of iSrd|p tlfca inflnetiee of the 
general polarizing forces, so their parts progresGiivoly deHslo hwnx gaoclMtiiesal llgnrcs ; 
it is only, therefore, in the lowest vertebrated class tEttlwv iaid 'tseih in tlia fcom of 
perfect cubes, and of prisms or plates with thircc sidof (aa i>t nnf iMfs), Mr site in 
senruf), five or six sidcs^ (as in mylkibate*^ Fig. 8). Tho oottO iiatiM! Mifc «(MnME*!ferni 
8. ' ' ^ ^ tlendor^ duop- 

^ pointed, and m iniigiite, arnttoraua, and«iosely 

V. aggregated^ at to Ae phiah or pllo of 

)r relvet. ^ Iheaa m» calM ‘‘yfllifoim teeth*’ 

/JI ) j l\\ V (dentes villtfermm, Xol.; dints «n whantf Ft.) 

\) All the teeth*, of tbo perdh are of thk kind. 

Whm the teeth ait ofnaBy fin© and mdne- 
\ ^ V ^ous, but longer, theae art eaUod " ctHifiam” 

- i jF/ {dentes cUiiforme^ \ irbait the teetii arestntilar 

to b^t jl-ather stiscEl^ than thcee*, they arc 
called ‘‘ flctifoW’ Lat. > dents 

m brosse, Fr.) : the titih hi tho uppear jaw 
JAWS AN» TKKi’u OK TitK 9Ti:»o-3tAY of tbo pikc (Fig. 7) aft of tk£t CMical 
{Myliohntes). ^ ^ teeth, as closo-sct and sharp-poialed as the vil- 

liform teeth, btll of larger size, arc called “rasp-tocth** (dentes raduliformes^ Lat. ; dents 
en rape^ or en ear^ffs^ Fr.) ; the pike presents such teolh on tho hack part of the vomer. 
The teetli of the sheat-fish (Silurm glanis) present all the gradations between the villiform 
and radulifbrm types. Setiform teeth arc common in the fishes thence called Chsetodonts ; 
in the genus Cltharinm they bifurcate at their free extremities ; in tho ^psiKis Pkttax 
Vhey end there in three diy('rgiiig points, and the cone here nuttgiai into the long and 
slender cylinder. Sometimes the cono ia coiiqp*ested into a ilendcf trenchant blade : 
and this may bo pointed and zecurv€fd^ as in tbs muretncf} or barhad^ os in trichiitrns 
and'somc other Scomboroids ; oc it may l>e heat upon itself, lik©* tcntcr-hook, as in 
tlic fishes thence Ciilled OonMants^ la the bonitO may be peiQiidvcd a progressive 
tliickcning of the base of tike coideail toetli ; and this being oomktod in other predatory 
fishes with iacxoased stae and seeocred dizeetks^ they thete membie the laniory or 
casino «f teoteiroroas quadrupeds, aawu aea^the laigo isaiitof the pike (Fig. 7), 

intholopIlkH^il^^ * • 

The aiiEteiior dSireigi^g gnpilkig teofil ef M wsIMb S fonx etron^r 

cofies ; and by progresaffU blunCiag, fiettening, attfiespasite of dm tuptatf obeefVablc 
indifibrentfiiAi^theoaacgiiduti^GZiaxif^ tothefitt nd dbmt snellaB 

is Bcibn in tM back tes^df ^ wolf-fish, at, and fissimiliu: gvinfog axid erushi 
other genei%iAaftovlhaiifite«h«lbedmon MO^weediy or on 

animals. Tiila]gr£a^I^[;^«xrfiked«f tbeio short ejifindiM ^seth may ba eemeki ae in 
th|? sheep’s-head fiA (Setrptd ) ; oopfitettMteid, aa ta fba pkaryxiEgsel leetb of the wrasse 
Sometimes the hemisphoi^c teeth ore so numerous, and spread over so broad 
alroiface, as to rosembU a pavement, as in the pharyngeal bones of the wrasse ; or they 
ifiayjbe so email, as wclf as mimeroiui, os to give a granulated surfiuie to the part of the 
mouth to wtach they ore (attached, when they are called, in ichthyology, dentes 
gran^orm^. 


TEETH OF THE WOLF-FISH. 


271 


A progresBiye increase of tho transverse over tjie vertical diamestcr may bo traced in 
the molar teeth, of dviEerent fishes^ and sometimes in those of tho some individual, as in 
lahntSy until tho cylindrical form is oxchangod dor that of the depressed plate. ^ Buch 
dental plates {dentes lameUfJennes) may be formed not only circular, but elliptical, oval, • 
semilunar, sigmoid, obfong, or eren square, hexagonal, pentagonal, or triangular ; and 
the grinding surface may present varions and beautiful kinds of sculpturing. Hu' 
broadest and thinnest lamelliform teeth those tliat form the complex grinding 
tuherede of the diodon. • • 

In the sharks and rays the teeth arc siijiported by tho u^pe^ and lower jawa, as in 
most quadrupeds; but many olhdr fishes fiave teeth gr^iiig A-om the roof of the 
mouth, from the surface of the tongue, firooi the bonj* hoops or arches supporting tin* 

• gills, and some him) tE&em dovelopqd Irom the bone of tho nose and the piise of tlio 
skiiU. In tite carp and tench the teeth are confined to this kttor ttausuol positi&n, and 
to a pair of bones, called *^phar^geaV’ whkh circumacr^ tlio back outlet of the 
nioiiCh. ^ ^ 

Fishes exhibit, moroovw, a greater range ’of Varfatf inihe mode of attachment of 
t]jo tcath than any other class of aainuds. « sog^ the singular ^sh called 

{ the ^angler/* the teeth are xnoveahh^ tb^r besmheiiigtMby ligaments to (he jaw. 

In tho angler tho Hgamenta are aefnsertod that tiMy do nel fnmit the teeth to be bent 
outwards beyond the vertieal position, lAxt ‘yield la p msiBBre in tfic contrary direction, 
hy which the point oC the tooth may be direeted ig w atd s the bade of tho mouth ; the 
instant, howevsTi that the pcemm is renditlsd^ fibs toofb JeturBa through the dasticity 
of the bent ligamests, as by the action of n iq^ring, to its usual erect position ; the 
deglutition of the prey of this voracious ftdi la thus Ihellitatcd, iaadi its ea^atpe previmted. 

Tho brood and generally bifiireate bony base of the teeth of sharks is attached by liga- 
ments to the somi-ossified crust of tho '^cartilaginous jaws ; but they hovn power of 
erecting or dc^ossing the teeth at will. 

The teeth of the sphyroma are oxainjdcs of the ordinarj’^ implantation in sockets, '' 
with tho addition of a fHg ht anchylosis of the base of the fully-formed tooth with the 
alveolar walls ; ami the compressed rostral teeth tof the saw-fish are doei»ly implanted 
in sockets ; the hind margin of their base is grooved, and a corresponding ridge firthn 
the back part of the soc&ct fits into the groove, and gives additional fixatSem to tho 
tooth.'* 

The singular and powerfully developed dental , system of wofl^iish {Jbmrr/iicas 
htpttSf Fig. 9) hm hens a aabject of interest to many anatomiato* Mos^ of the teeth * 
arc powar fid omalbeiy ; aome pres^ the kniaxy type, with lh» apieos mors or less 
recused and bluBted by use, and atoOBg omtesr, spread abroad, like grappling 

hooks, at the anterior part of tho mouth, «, u ^ • 

The premaxillary teeth, 22, *, arc all conical, and arranged in two rows ; there* aro two, 
three, or tour in tho exterior row, at the mesial half of the bone^ ?r]^ich are the largcslt ; 
and firom six to eight smaller teeth aro irregularly arranged behind Thcl:e are three 
large, strong, div^ging laniaries at the anterior end of ^ch promandibular bono, and 
immediately behind tjieae an^* irregular number of shorter and smaller eonioal ixiQi\ 
which gradually exchange this form for that of large obtuse tubercles, m, m ; thesojcxtend 
backwards, in a double^altemate series, along a great part^of the dlve<^ border of the 
bone, and are terminated by two or three smaller teerth in t sifigle row, the last^ of 
which again presents the conical form. Each palatine bone, JO, supports a dduble row of 
teeth, the outer ones being conical and straight, and from fonr to six in number ; ;the 





ianor ones two, three, or four in number, and tuberculate. The lower suifacc of the 
vomer, 13, is covered by a double irregularly nltcmato series of tl*3 same kind of large 
tuborcjilato crushing teeth as those at vie middle of the prcmandibular bone. Thus 
the inside of thevnouth appears to be paved with teeth, by means of which the wolf-fish 
can break in pieces the shells of whelks and lobstext, and eif^ctually disengage the 
nutritious animal parts from thc^. .All tht teeth ore anchylosed to more or less 
developed alveolar eminences of bones. From the enormous power of*the muscles of 
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• • 

thd jaws, and the st®eh|5th of the shells which %re cracked and crushed by the teeth, 
their fracture and displacement must obviously bo no unfrequent occurrence ; and most 
specimens of the jaws of the -^olf-fiah exhibit some of tlic feeth either separated at this 
of imperfect anchylosis, or, more rarely, detached by fractuie of the supporting 
osseou^alvecdar process^ ^ , • • 

Thus, with refereifbc to the main and fundamental tissue of tqptli, wo find not fewer . 
thqp six leading modificattens in fishes. 

Hard or^me dentine — Sparoids, labroids, lopbius, balLstcs, pycnodouta, prionodon, 
spbynena, megalichthys, rhi;sodcs, diodon, scorus ; 
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Osteodentinc — Cestracion, acrodus, Icpidosiren, ctcnoduli, hybodus, pcrcoida^ 
scinnoids, cottoida^obioida, sharks, and many others ; 

Vaaodentine — Psammodus, chimmr^ids, p^stis, myliobates ; 

Plicidentine — ^Lophiuif, holoptychins, botl^olepis ; and ^ * 

Bendrodentine— Pcndi’odu^ ; 

Besides the compound teeth of the foams and diodon. 

Ono structural modification may prevail in some teeth, another in other teeth, of Uio 
mmy fish ; and two or more modifications may be present in the same tooth, arising 
from changes in the process of calci^catioi^and a persistency of portions or processes of 
the primitive vascular pulp or matrix of the dentine. , ^ 

The dense covering of the beak-like jaws of paftot-fishes (Scan) cojisists of a 
stratum of prismatic denticles, standing almost verticUly to the eltcmal surface of the 
jaw bone ; this peculiar ai'iiiature olT the jaws is adapted to the b|ibits andT exigencies of 
a tribe of fishes which browse \ir^n the lithophytes that clothe, as with a richly tinted 
carpet, the bottom of the sea, just as the ruminant quadmifcds crop the herbage of the 
dry land. ^ ^ « • 

The Irritable bodies of the gclatinqps polypes which con^itute tlftj food of tlicsc 
fishes' tetreat, when touched, into tiicir star-shaped stony shells, and till scan con- 
sequently require a dental apparatus string enough to h^ak off or scoop* out these 
calcareous recesses. The jaws are, therefore, prominenv short, tind stout, and tlicj 
exposed portions of the prcmoxillarics and premondibulars are incased by a complicated 
dental covering. The polypes and their cells arc redu^ to a pulp by the action of the 
pharyngeal jaws and tc Jth that close the posterior aperture of the moutji. 

There is a close analogy between the dental mass of the «cams and the complicated 
grinders of the elephant, both in form, structure, and in the reproduction of the com- 
ponent denticles in horusontal succession. But in the fish, the complexity of the 
triturating surface is greater than in the mammal, since, from the mode in which the 
wedge-shaped denticles of the scarus are implanted upon, and anchylosed to, thr^ 
processes of the supporting hone, tliis likewise enters into tho formation of the grinding 
surface when tho tooth is worn down ft> a cert^n point. 

The proof of the efficacy of the complex masticatory apparatus above dcscribqd, is 
afforded by the contents of the alimentary canal of the scari. Mr. Charlos Darwin, 
tho ftccomplished naturalist and geologist, who accompanied Captain Fitzroy, B.N., in 
the circumnavigatory voyage of the “ Beagle," dissected several pairot-fishcs soon after 
they were caught, and found the intestines laden with nearly pure chalk, such being 
the nature of their excrements ,* whence he raxiks these fishes among thc^ geological 
agbnts to which is assigned tho office of converting the skeletons of tho litiiophytcs 
into chalk. * , 

The most formidable dentition exhibited in the order of osseous fiiih^ is that which 
characterizes the sphyivena, and some gxtincl fi^es allied to ^lis predatory genus., Jn 
the great barracuda of the southern shores of tho United State! {Sphifuma barractida^ 
Cuv.) the lower jaw contains a single row of large, cbmpressed, conical, sharp-pointed, 
and sharp-edged teeth, resembling the blades of lancets, but stronger at the base ; the 
two anterior of t^eic teeth arc twice as long as the rest, hut the posterior and solid 
teeth gradually increase in size towards the back paJt of tii% jaw ; there dre about 
twenty-four of thedSi ])iercing and cutting teeth ii^ each ^ron^dibular bone. They 
aro opposed to a double row of similar teeth in tho upper jaw, and fit intolhc interspace 
of these two rows when the mouth is closed. The outermost row is situated on tho 
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intermaxillary, the innermost on the palatine bones ; there are no teeth cm th$ rcaner 
or superior maxillary bones. The two anterior teeth in each promfurillaiy bone equal 
the opposite pair in the ^Ower jaw in sixe the posterior teeth are seritd, numerous, and 
of small size ; thq second of two anterior large premaxilhny teeth is placed on the 
inner side of tho commencement of the row of small teeth, and is a little inclined 
backwards. The retaining power of all the antorior teeth is increased by a slight 
posterior projection, similar to tho barb of a fish-hook, but smaller. The 3 ^ 1 atmo bones 
contain each nine or ten lancet-shaped teeth, somewhat larger than the posterior one;', 
of tho lower jaw. All these teeth afford good examines of tho mode of attachment by 
implajitation in sockuta which has been denisd to exist in firiics. 

The loss or injury to wh^'h th»rao destructive weapons arc liable, in the conflict 
which the sphyrmna wages with fts living«and s^ni^ling prey, is repaired by on un- 
interrupf^ siiocessionodf new pulps and teeth. Tlie existence of these is indicated by 
the foramina, which arc sitiAtod immediately posterior) to, or on the inner margin of, 
the sockets of the teeth in ^acc; these foramina lead to alveoli of reserve, in which 
^the crowns of tho new teeth in differefiUslagcs of devclopmopt are loosely imbedded. 
It is in this poutioif of 4he germs of the teeth that tho sphyrmnoid Ashes, both recent 
and fossil, mainly differ, as to their dental characibers, from the rest of the soomberoid 
family, an^ proportionally |pproach the sauroid type. • 

In all fishes the teeth are shed and renewed, not once only, as in mammals, but 
frequently during tho whole course of their lives. The maxillary dental plates of 
lepidosuren, the cylindrical den^ masses of the chimseroid and edaphodont fishes, and 
the rostlal teeth of the saw-fish (if these modified dermal spines may be so called) arc, 
perhaps, tho sole example! of permanent teeth*' to be met with in tho whole class. 
In the great majority of fishes, the germs of the new teeth ore developed like those of 
the old, fiom the free surface of the buccal membrane throughout tho entire period of 
succession ; a circumstance peculiar to the present class. The angler, tl.)C pike, and 
^ost of our common fishes, illustrate this mode of dental reproduction ; it is very con- 
spicuous in tho cartila^nous fishes (Fig. 8, e, y.), in which tho whole phalanx of their 
numerous teeth is over marching slowly forwards in rotatory progress over tho alveolar 
border of the jaw, the teeth being successively cast off as they reach the outer margin, 
and new tectli rising from the mucous membrane behind the rear rank of the phalanx. 

This endless succession and decadence of tho teeth, together with the vastnuinbor 
in which they often co-exist in the B|,me fish, illustrate tho law of “vegetative or irre- 
lative repetition,*' as it manifests itself on the first introduction of now organs in the 
animal kingdom, under which light wo must view tllb abovc-dcscribod organized and 
calcified preparatory instruments of digestion in the lowest class* of the 'vartebnite 
secies. 

IDent^l Sjstem of Heptilos.— In tho class roprilia an entire order (Chel^ta), 
including tho tortoisesf lerropeues, and turtles, ere devoid of tooth; but the jaws in 
these edcntulcais rept&es are cowed by a sheath of horn, which in some species is of 
considerable thickness and density; its working surface is trenchant in the carnivorous 
sTOcies, but is variously sculpture^ and adapted for both cutting apd bruising in the 
vegetable feeders. No species of toad possesses teeth; neither have tho jaws the com- 
pensator^ covering abowd deseftbed'in the chelonians. Frogs have teeth in the upper 
but not in Iho lower japr. ^NGwta*and salamanders have teeth in both jaws, and also 
upoffthe paldte ; and teeth ^ found in the latter situation as well as on the jaws in 
most seipents'^and in the iguana lizard. In most other lizards and in croco^es the 
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teoth are confined to the jaws: in the formcntiiey are ocmentod or anchylosod to the 
jaw ; in the latteathey are implanted in sockets. 

Tho existing lizards exhibit inany«inodifieations in the fomof tho teeth according to 
the nature of iho ibod. ?rhoy are pointed with sharp cutting edges hi the great cami> * 
ynrous monitor (Fafanua), and oro ob^e and rounded like paving-stones in tho herbi- 
vorous or mixed feeding scinks, oallodj^on account of the shape of the teeth, eyclodva. 
The gigantic«oxtinct lizards showed similar modifications of their teeth. The mega- 
losaurus had teeth which combined tho properties of tho knife, the sabre, and tho saw \ 
(Pig. 10). When first protruded ibove^c gum, the a5)ex*of the tooth presented a 
double cutting edge of scrratctl onamef ; its position^ • • Fig. 10. 

and lino of action were nearly vertical, and its ftyn, , 

like that of the two-edged swoi^ oitlaug equally on each ^ 

side. As the tooth advanced iu growth it became curved ^ 

'oackwards in the form of a pruAiug-knife, and the edge • 

of serrated enamel was continued downv^oids to the 

base of the ooncaivo and^euMing side of the tootii ; whilst MKmfllMwK' , 

on the otiier nda a simaar edge dMccmfiedliut a short , 

distaaoe firom the pointy and the con^sx. pfirt of tho tooth jm , , 

became bliint and thick, as the1)ack of a knife is made I jj|B *' 

thick for the pmpoee ctfpEoduoihg stinngth. In a tooth 

thus formed fiir cuttmg along its eoncavc edge, each |h 

movement of the jaw combined the power of the kniA>^ BjUlw Ml, jM 

and tho saw. Tho backward ctizratum of tho fhll- 

grown teeth enables them to retain, like barbs, tho jlH 

prey which they had penetrated. jjn /fdjl™ 

In thoiguanodon — ^thc gigantic contemporary of the 
Fig. 11, megalosaurus— the crown 

of tho teeth (Fig. 11) was • 

so shapcjj, that after tho ■ 

apex became worA down, A 

it presented a broad and * 

nearly horizontal surface, tooth or the keqalosaviivs. 
exposing dental substances of four different degrees of 
density, — ^viz., a ridge of enamel along the outer border ^ 
of the crown; a layer of hard or unvascular dentine 
next to tliis ; a layer of softer vascular deritinc form- 
--V i*ig‘ the inner half of the crown ; and a portion of firm 
osteo-dentine in tho middle of the grinding surface, fomfod 
tjjjji^p by the ossified remnant of the tooth-pulp. Tho scries 
of pomplAx teeth, so constnictedf sqpms to have been*ad- 
W mirahly adapted to thc^ cropping and comminution of 
r ^ a^ch tough vegetable foodT as the claihrarina and similar 
now extinct plants, the fossil remains of which arc 
Msw-poaxsD AKu woRii MHMi found biuied with those of the iguanodon. No^oxisling 
^ reptile now presents so complicated^ structure of the tooth 
in, relation to vegetable food. The still more liomploc, find indeed marvellous 
structure of the teeth of the extinct gigantic lizard-liko» toad, colled tabyrinthodm^ 
has been already noticed (Fig. 4, p. 2fi6). But, perhiq)s, tho most singular dental 
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TEETH OF I^CYNODOX. 


structaro yet found in the ancient members of the class Kcptilia, is that presented 
by certain species of fossil found in South Africa^ and probably from a geological for- 
mation ;nearly as old a»our coal strata.* I hate called them ‘*Dicynodonts,” from 
' their dentition beifig reduced to one long and large canine tooth on each side of the 
upper jaw. As these teeth give, at first sight, iLcharactcr to the jaws like that which 
the long poison-fangs give, when erected, to^he jaws of the rattlesnake, I shall 
briefly notice their characters before entering upon description of tho more normal 

saurian dentition. 

Fig. 12 gives a reduted 'side view of thft skull' and tooth of the Dieynodm lacer- 
ticeps. • ‘ ^ • • 

The mhxillary hope, 21, is cujcffvatcd by a n'ido and deep alveolus, with a circular 
area of half ^^n inch, and lodges a long and strong, jjlightly curved, and sharp-pointed, 
canine tooth or tusk, ^^lich^projects ^ 

about two-thirds of its length from * _ 

tlio open extremity of the socket. 

The direction .of the lu«kd is for- ' 
wards, dowjiwards, andS cry slightly 
inwards ; /ho two converging in the 
descent along the outer side of the 
compressed symphysis of the lower 
jaw, c c. The tusk is prmcii)aLly com- ‘ 
posed of a body of compact uii1'«scu- 
lar dentine. The base is^ excavated 
by a Mudo conipal imlp-cavity, p, 

with the apex extending to about skull and tusks op J)icynodon lacertieeps* 
one-half of the implanted part of tho 

tusk, and a linear continuation extending along the centre of the solid part of the 

*tU8k. 

Until tho discovery of the rhynchosaurus, this edentulous and hom-dieathed condi- 
tion of the jaws was supposed to ho potuliar to the cholonian order among reptfles ; and 
it % not one of the least interesting features of the dicynodonts of the African sand- 
stones, that they should repeat a chclonian character hitherto j^eculior amongst lacertians, 
to the abovc-citod remarkable extinct edentulous genus of tho new red sandstone of Shrop- 
shire ; hut our interest rises almost to astonishment, when in a saurian skull we find, 
superadded to the hom-clad mandibles of the tortoise, a pair of tusks, boirowed, as it 
were, fr(ftri tho mammalian class, or ralher foreshadowing a shyacturc which, in the 
existing creation, is peculiar to certain members of the highpt organized werm- 
bloodcd animals^ 

In the other roptilia, recent or extinct, whidi most nearly approach the mammalia 
in *tho structure of /Mr teeth, the difference^ chonypteristic of the inferior and cold- 
blooded claBs*is manifested in tl^ shape, and in the system of shedding and succession 
of the teeth ; the hose of the flnplanted teeth seldom becomes consolid/itcd, never con- 
tracted to a point, as in the fangs *of tho simple teeth of mammalia, and at all periods 
of groii{;th one or more ^enus of tecith arc formed«wi^n or near the base of the tooth in 
use, prepared to sucSecd it, and progressing towards its displacement. The dental 
an|^ature of the jaws*is kept in flerviceable order by uninterrupted change and succes- 
sion ; but t£e fonning orgsfi of the individual tooth is soon exhausted, and the life of 
tho^tooth itself may he said to be comparatively short. 
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If one of the conical, sharp-pointed, and two-edgod teeth of the Gangctic crocodile, 
called “ garrhial’e by the Hindoos, be extracted, its base will be found hollow, and 
partly absorbed or eaten^away, as at Fig. 13 ; and within tile cavity will be^ecn tho 
half-formed succeeding tooth, b ; at tlie base of which* may probably be * 
found the beginning or gc^, c, of the successor of that tooth : all tho teeth 
in the crocodile tribe bein^ pushed out and replaced in the vertical direction 
by nevB teeth, as long as the/ live. The individual teeth increase in size as 
tho animal grows; but the number of teeth remains the same from the i 
period when the crocodHc quiBi tho egg to the allainiuciit of its full size 
and age. No sooner has tho youqg tooth pfjpefratcH the interior of the old 
one, than another germ begins to be dc^ejoped from the anglo Between the 
base of the young toetlp and the inner alveolar process, oi; in tho same 

rols^vc pBsition as that in which 
13. _ its Vnmediate predecessor began 

to rise ; andtthc processes of suc- 
cession and displiicemcnt are car- 
ried on, dnintcmiptcdly, through- 
out tho long life of ^eso cold- 
blooded carnivorous n^ptilos. Tlic 
fossil jaws of the extinct croco- 




lOOTn, WITH OKRMS OP HUCClSSSCAtS, OF T1I£ UARStllAL 
{Gaviahs i;anffeticus)» » 


dilcs demonstrate that tho same law regulated the succjcssioii of tho teeth at tho 
ancient epochs when they prevailed in greatest nunftiBrs, and under the most varied 
specific modifications, as at tho i»rc8ent day, when thc;^ are redficed to a single 
family. • 

Tho most complex condition of the dental .system in tho reptile class is that which 
is pro^nted by the poisonous serpents, in which certain teeth are associated with tho 
tube or duct of a poison-bag and gland. 

These teeth, called poison-fangs,*’ ai’c confined to those bones of tho upper jaw 
called “ maxillary,*' and are usually ginglc, or, when more, one only is connected with 
the poison-apparatus, and the others are citbbr simple toctli, or preparing to take tiie 
place of the poison-fang. 

To give an idea of the structure of this tooth, we may suppose a 
simple slender tooth, like that of a boa-constrictor, to be flattened, and 
its edges then bent towards each other and soldered together so as to 
form a tube, open at both ends, inclosing tlie end of the poison*duct. 

Such a tooth is represented at Fig. 14, where A is the oblique opening 
penetrated by tho -^uct, and v the narrower fissure by which the venom 
escapes. « 

The duct which conveys the poison, although it runs through the 
centre of the tooth, is really on the Butside of tho tooth. hendiim 

of tho dentine about it begins a Uttle beyond th) base of the tooth, 
where the poison-duct rgsts in a slight groove or longitudinal inden- 
tation on the convex side of the fang ; as it pvooceds it sinks deeper 
into the substance df the tooth, and the sides of the^ groove meet and 
seem to coalesce, sa that the Irace of the infleoted fold ceas^ in some 
species, to be perceptible to the naked eye ; and tUb fang appdih's, as it is baitlb^naxe 
commonly described, to bo perforated by tho duct of theqsoison-gland. (Magmaed), 
In the viper the line of union may seen as marked at v, Fig. 14 ; and whoa such 
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(Ct'Oti^us Uorridwi). 



SGCTTCm OF A 
FOlSOn-FANG — 
BATTLK6NAKE. 


a tooth is carcMly divided lengthwise, ^ in Fig. 16, the true pnlp-cavity in fho sub- 
stance of the tooth is seen, as at p j», to terminate in a point ; and the* 
poison-cafoal, as at w Vy t6 run along the forepart of tho singrilarly 
'modified tooth. •This tooth is soldered to tho maxillaiy boii© 

(Fig. 16), which rotates so as to keep the tcjth laid flat in the 
mouth at ordinary times, and to orcct it when^tho deadly blow is 
about to bo struck. The head of tho snake is rmsed, drawn back, and* 

< tho fangs, erect, and exposed by the widely open mouth, are stnick, by 
tho force of tho powerful muscles of tho head*^d neck,^into tho sur- 
Fig. 1C. * * /oco aimed at, the poison-bags at the 

saojo* moment ore squeezed, and their 
contents driven tfircrugh the canal 
in the tooth into tho wound. And 
hero may be noticed the advantage of 
having t]^e solid point of tho tooth 
prolonged beyond the outlet of tho 
poison canat anh not weakened by its 
continuation toitbe apex^. 

Dental System .of BKainmals. — ‘The clas^ Mummalta, like 
those of lieptUia and Haces, includes a few genera and species that 
are devoid of teeth ; the true ant-eators {myrmcophiJiga'), the scaly ant-eaters or pan- 
golins {manis), and the spiny blhnotreraatous ant-catsr {echidtuC)y are examples of 
strictly edentiloub mammab?. The omithorhynchus has homy teeth, and the whales 
{bal<ena and haltsmptcra) hav(; transitory embryonic calcified teeth, succeeded by 
whalebone substitutes in tho upper jaw. 

Tlie female narwhal seems to he edentulous, hut has the germs of two tusks \n the 
substance of the upi)cr jaw-bones; one of these becomes developed into a largo and 
conspicuous weapon in the male narwhal, whence tho name of its genus, of monodony 
meaning single tooth. In another cetacean, the great bottle-noso or hyperoodon, tho 
teeth arc reduced in the adult to two inbumher, whence the specific name H. hidettSy 
hut they arc confined to the lower jaw. 

The eleidiant has never more than one entire molar, or ports of two, in use on ei^f.h 
side of the upper and lower jaws ; to which are added two tusks, more or less developed, 
^in the iQ>por jaw. • 

8omo rodents, as the Australian water-rats {Ilydro^ya)y have two grinders on each 
side of both^aws ; which, added to the four cutting teeth in front, make twelve in all^* 
the common number of teeth in this order is twenty, hut the hares fOnd rabbits have 
tvf^enty-cight each. • 

The slotlf has*eightoGn tooth. The number of teeth, thirty-two, which charac- 
terizes man, the jipos of ^tlTc old world, and the true niminants, is the average one of the 
clast mammalia ; but the typical jimnber is forty-four. 

The examples of excessive number of teeth are presented, m the order Snzta, by the 
priodont annadiUo, which has ninety^eight teeth ; and in the cctacoGus order by the 
cachalot, rihich has upwiu^ of spety teeth, though ^ost of them &e confined to the 
lower jaw; by the common porpoiso, which has between eighty and ninety teeth ; by 
tho Gangetic ^Iphin, wfiicVhas one hundred and twenty teeth; said by tho true 
dolphins {delpkinuti)y which hate from one hundred to <nio hundred and ninety teeth, 
yiaiding the maximum number in the class Mammalia. 
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Form.-— W hore the teeth axe in ezeeasive niimber, as in the species above cited, they 
arc small, equal, o? sub-equal, and usually of a simple conical form. 

In most other mammalia particular teeth have special forms for Bj>ecial usdt( : thus, j 
the front teeth, from* being commonly adapted to effect tlie first coarse division of the 
food, have been caUed cutters or inciaoi| ; and the back teeth, which complete its commit 
nution, grinders or molars ; largo conical .teeth situated behind the incisors, and adapted 
J)y being nearer thd insertion of the biting muscles to act with greater force, arc called 
holilerB, tcarers, laniaries, or more cpmmojly canine teotlij, from being well developed ! 
in the dog and other carnivora. « • , , 

Molar teeth, which arc adapted for mastication^^liavt either tubcrculatq^ or trans- , 
vcrscly ridged, or flat summits, and iisujdly are citbc?suiTOundcf?by a ridge of enamel, ; 
or are traversed by similar ridges Arranged in various pattems.*,! * t j 

The large molars of the cap'^bara and elephant have crown cleft into a numc- j 
rouB series of compressed transverse xdates, cemented together side by side. ! 

The teeth of the mammalia have u.sually sp,rfnuch more dcflnitcSnd comidex a form i 
than those of fishes ancf reptiles, that thret^ parts are recognised* in them— -viz., the 
“ fang,” the ‘‘neck,” and tbo “ crowp.” The fang or root {radix) is the ii&crted part; 
the crown {corotia) the exposed an(f the’constriction which divides th&e is called 
the neok {cervix), • ! 

Fixation. — It is peculiar to the class mammalia to have teeth implanted in socdiets 
by two or more fangs ; but this can only happen to toctl^ql’ limited growth, and generally 
characterizes the molars and promolara ; perpetually ^wing teeth roqpre the base to 
be kept simple and widely excavated fbr the persistent pulp. * In no mamiferous animal 
docs anchylosis of tho tooth with the jaw constitute a normal mode of attachment. 
Each tooth has its particular socket, to which it finnly adheres by tho close co-adapta- 
tion of 'their^oiijmscd surfaces, and by the firm adhesion of the alveolar periosteum to 
the organized cement whieJi invests the fang or fangs of the tooth. • 

True teeth imjdanted in sockets arc confined, in the mammalian class, to the 
maxillary, premaxillary, and mandibular, or lower maxillary bones, and form a single 
row in each. They may project only from the pi'emaxillary bones, os in the narwhal, 
or only from the lower maxillary bone, as in ziphius ; or be apparent only in the 
low^r maxillary bone, as in tho cachalot ; or be limited to tho superior and inferior 
maxillarics, and not present in the prcmaxillaries, as in tbo true pecora (cow, sheep), 
and most bruta (sloth, armadillo) of Linnteus. In general, teeth arc situated in all tho 
bones above-mentioned. In mar^ where the prcmaxillaTics early coalesci^ with the 
maxillary bones, where the jaws are very short and the crowns of the teeth are' of 
equal length, there Is no vacant space in the dental scries of either jaw, and tho tei^th 
derive some additional fixity hy their close apposition and mutual proSauro. Ko inferior 
mammal now presents this character ; ]^ut its importance, as a^ciated with the peculiar 
attributes of the human organization, has been somewhat diminished by tlic discovery 
of a like contiguous arrangement of the teeth in the Jofvs of a £bw extinct quadrupeds, 
e.g.y anoplolhcnum, nesodon, and dichodon. 

StkCcturb. — I hq teeth of‘ the mammalia usually eonsist of hard unvasculax 
dentine, defended at the crowi! %y an investmenl of and evferywhero 

surrounded by a cdht of cement. The coronal poihcnt^ is ,of extreme tenuity in 
man, quadrumana, and the terrestrial carnivora ; it is thicker in the herb^rora, 
espcciolly in the complex grinders of tho elephant. Vertical folds of enamel and 
cement penetrate the crown ^of the tooth in the ruminants, and in most rddeitte 
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and pachyderms, charaoterizing by tfteir various forms the genera of the last two 
orders. * 

' Tho' teeth of ^the sloths, armadillos, and spetm- whales hare no true enamel. The 
tusks of tho narwhal, walrus, and elephant consist of modified dentine, which in the 
last great proboscidian animal is prt)peily callcdf ^ irory,'' and is covered by cement. 

The forming-organ of a mammalian tooth consists, as in the lower classes, of a pulp 
and a capsule. The substance of the pulp is converted into tho ddntine*” that of the 
capsule into tho “ cement.” • Where enamel^ is to Jbo added, a peculiar organ is foihicd 
on tho inner surface of^ the .capsule, which a^anges t^o hardening material into tho 
form, and, of tlie density, characteristic* of enamel. This substance is so hard in the 
tooth of tho hippopfltamus, as to “strike fire” like flint with steel. The whole 
forming-orgafi is caUe^#“ matrix.” • 

The matrix of certain t(€th docs not give rise during any period of their formation 
to the germ of a second tooth, destined to succeed the &rst ; this tooth, therefore, w'hen 
completed and wonf down, is not replaqpd. • The sperm whales, dolphins, and porpoises 
are limited to this stmp^ provision of tect^. In tho annadilloiT and sloths, the want of 
germinativcf power, as it may be called, in the ma^ix is compensated by the persistence 
of the matlix, and by the tminterrupted ^owfh of the^tccth. 

In moat other mammalia, the matrix' of the fiFst-dcvolopcd tooth gives origin to tho 
germ of a second tooth, which sometimes displaces the first, sometimes teikcs its place 
by the side of tho tooth fron^ yhich it has oiiginated. All those teeth which arc 
displaced by th^ progeny are called temporary, deciduous, or milk teeth ; tho mode 
and direction in which they are displaced and succeeded — viz., from above downwards 
in tho upper, froih below upwards in the lower jaw : in both jaws vertically — arc tho 
same as in the crocodile; but the proms w rmer repeated more than once in any 
mammiferoua (mimed. A considerable proportion of the dental scries is thus changed ; 
ithe second or permanent teeth having a size and form as suitable to the jaws of tlio 
adult as the displaced temporary teeth were adapted to those of the young animal. 

The permanent teeth, which assume places notT)reviou8ly occupied by deciduous ones, 
are always the most posterior in their position, and generally the most complex in their form. 

The term “ molar,” or “ true molar,” is restricted to these teeth ; the teeth between 

them and the canines are called “^re- 
Fig. 17. molars they push out the milk-teeth 

that precede them, and are usually of 
smallFr size and simpler form than tho 
true molars. They arc called “ bicuspids” 
in human anatomy 

Thus tho class mammalia, in regard 
^ tho times of formation and tho suc- 
cession of their teeth, have been divided 
into two groups .-—the monophyodonUy^ 
or those that generate single set of 
teeth; and the di^UyodontSy'^ or those 
thkt*goneratc two sets of teeth. 

I proceed next to notice the principal 
modifications of the teeth, as they are 
adapted to camiyotous, herbiforous, or mixed feeding habits in the dipbyodont mitmmfllia . 
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The lion may bo taken os the type of the flesh-fecdera (Fig. 17). 

The largest and Jiost conspicuous teeth in this and other feline quadrupeds ore tho 
“ canines,” <?; they arc of^great strength, deeply implanted in ^e jaw, with the fang 
thicker and longer than the enamelled crown : this part is c<mical, slightly recurved, < 
sharp-pointed, convex in front, almost ^t on the inner aid(!, and ■with a sharji edge 
behind. The lower canines pass in vont of the upper ones w'hcn tho mouth is 
closed.' • • 

The incisors, six in number on both jaws, form a transverse row ; the outermost 
above, t, is the largest, resembling tPsmalFcanino: tlio intftiniSdiatc ones have broad 
and thick crowns indented by a tf’ansvcr8e*clcf(i, ^ • 

The iirst upper premolar, p 2, is inidimental : t}#r^ is no nnsYcrablo tooth in the 
lower jaw. The second, p 3, in both^aws has a strong conical crown sjipportcd on 
two fangs. Tho third upper tooth, p 4, has a cutting oj trcrAhant crown,* divided 
into three lobes, the last being thJ largest, and witli a flat i:^er side, against which the 
cutting tooth, m 1, in the lower jaw w'ork8,,like a scissor-bLide. pehind, and on tho 
inner side of the upper todth, p 4, there is a smftlf tubercular tooth, ml. A glance afrtho 
long and strong, sub-compressed, trcnchaift, afid sharp-pointed cftiinos, sufficjps to appre- 
ciate their pc(‘uliar adaptation to scizdj to Jiiolt^to pierce and lacerate a struggling prey. 
The jaws arc strong, but shorter tlian in other carnivora, and w ith a concomitant reduc- 
tion in the number of the teeth : thus tho canines arc brought nearer to tho insertion 
of tho very powerful biting muscles (called ** temporal” and massetcr’^, which work 
them with i>roportionally greater force. The use of tliifc small pincer-shaped incisor 
teeth is to gnaw the soft, gristly ends of the bones, and to tear and scra|>c off' the ten- 
dinous attachments of tho muscles and tho periosteum. 1^1 lo comiyressed trenchant 
blades of tho sectorial teeth play vertically upon each others’ ^idcs, like tho blades of 
scissors,, serving to cut and coarsely divide the desh ; and the form of the joint of the 
lower jaw almost rest^cts its movement to the vertical direction, up and down. The 
w4de and deep zygomatic arches and the high crests of bone upon tho skull concur in* 
completing the carnivorous physiognoi^y of this most fonnidablc of the feline tribe. 

The dentition of the hysQna assumes those characteristics which adapt it for the pecu- 
liar food and habits of tho adult. The main modification is tho great size and stredgth 
of tl^c molars as compared with tho canines, and more especially tho thick and strong 
conical crowns of the second and third prcmolars in both jaws, tho base of the cone 
being belted by a strong ridge which defends tho«ubjaccnt gum. This form of tooth 
is especially adapted for gnawiiig^and breaking bones, and the whole cranium has its 
shgpe modified w'hieh work the jaw's and teeth in this operation. * 

The strength of ^hc hyaena’s jaw is such that, in attacking a dog, h.& begins by 
biting off his log at a single snap. Adapted, however, to obtain its foo4 from the coarAer 
parts of animals which arc left by the nobler boasts of prey, tho liyaena chiefly socks the 
dead carcass, and bears the same relatioh to the lion which the VijJture does to tho cdglo. 
The hyaena cracks, crushes, and devours the bones as «rcll as tlie softer parts of the ani- 
mals it preys upon. In consequence of the quantity of bones which enter into its food, tho 
excrements consist*of solid balls of a yoUowish-whiie colour, and of a compac4^ earthy 
fixture. Such speeixfiens of tho subskinco, known in th^ old “Materia Medico^” by tho 
name of “ album groicum,” were discovered by Dr. Bucldond in Ae celebrated ossiferous 
cavern at Kirkdalo. They were recognised at first ^ght by.th^kcepcr of a mcnagprie, 
to whom they were shown, as resembling both in form ani appearance tho fasces of tho 
spotted hyaena ; and, being analyzed by Dr. Wollaston, were found to be compo^ pf 
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the ingredients that might ho expected in f®cal matter derived from hones— viz., phos- 
phate of Kme, cafbonatc of lime, and a very small proportion of thS triple phosphate of 
ammonia and magnesih. This discovery of 'the coprolitas of the hyrona formed, 
fJjj. ig. perhaps, the strongest of tlw* links in that chain 

of e^ddenc# by which Dr. Bucklond proved that the 
eave at Kifjcdale, in Yorkshire, had been, during a 
succession of years, inhabiteJ as a den l^y 
hymnas^ and^that they dragged into its recesses 
jw/rffSK the othegr animal Jodies, whose remains, splintered, 

/ bearing marks of teeth of the hysena, were 

J '^CyP^« found mixed indiscriminately with their own. 

I m IM * • Before quitting the carnivorous order, the pccu- 

IIm IM development of the upper canines of the morse 

Im im *' walrus deserve to he noticed. The staple food 

|w B # of ^hi&large modified seal h sheU-Rsh, crustaceans, 

H ' V * m h^a-weed, which arc* pounded to a pulp hy 

V I «. * its smaJlJ obtuse molar teeth. The canines (Fig. 

V-c 1* upper jaw, where they 

^ are imbeddej in deep and large prominent sockets, 

B.ivhL iNi> TEETH OF THE MOUSE. wlicnce they swccp down, slightly incurved, form- 
ing large and long tusks, which servo as weapons of attack and defence, and as instru- 
ments in aid of climbing the ^fot^s and 19, 

In the order of mammalia, called 
gnawers rodente,^ some of which, 

bcr,*are the seat of that excessive and 

them allied to tusks. 

Thcscincisors (Fig. 19), i. arccurv^d 

' , • ;i 1 . BKLLI. AND TXSTH OF A FOUCVriKB. 

the upper pair describing a larger part f. 

of a smaller circle, the lowm: ones a smaller part of a larger circle, frie latter being ihc 
longest, and usually having their sockets extending from the fore to the hack part of the 
unher jaw. The tooth consists of a body of compact dentine, with a plate of enamel laid 
Upon its Riftericfr or oom'^x surface, and fhe enaiqcl commonly consists of two layers, of 
whi^ the anterior anko&omal one is the densest. Thus the substances of the incisor 
diminish in hardness from the |rdnt to the hack part of the tooth. The wear and tear 
from the reciprocal action of the uppm* and lower incisoiv produce, accordingly, an 
oblique surface, sloping from a slAip anterior margin formed by the denser enamel, 
like that^hich, in a cbjsgl, slopes from the sharp "edge formed by the plate of hard steel 
laid on the back of that tool, whence these teeth have been called ‘^chisel-teeth” {denies 
sealpmrv^. ^heir growth .hover ceases while the animal lives, and the implanted part 
fretainfi the frrm and size of tfte exposed part, and ends behind in a widely open or hollow 
base, cwhich contaizis a long, conical, persistent forminj^ pulp. This law of unlimited 
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growth is unconditional, and constant exercise said abrasion are required to maintain 
the normal form amF seryiceable proportions of the scalpriform teeth of the rodents. 
When, by accident, an opposing incisoi* is loift, or when, by the distorted iiniop of n 
broken jaw, the lower Reisers no longer meet the upper ones, as sometfmes happens to 
a wounded hare or rabbit, the incisors continue to grow until they project, like the tusks 
of the elephant, and the cxtremitLes, in iA poor animal’s attempts to acquire food, also 
become pointed^Silee taks. Following the curve preaoribed to their growth by the form 
of *their socket Iheir points dftmi return agaiiist some part of the head, arc pass('d 
through the ocose absaxptton of the ione, end ngoin enter the mouth, 

rendering mastioation impractioabile, and eanstn^ death by gtahtAa, In the Museum 
of the College of Surgeons there is a lower jaw of #lpJBver, in which the scfflprifomi 
incisor has, by unchecked growth, desBribed a complete circle ;^tho point has nierced 
tlie masseter muscle, entered the back of the mouth, and ten^nated close to the bottom 
of the socket containing its own hBllow root. • 

Tho diderenee in the diet of the rodent qinidrupeds has been alluded to ; there is a 
corresponding di^feronoo iif the mode of implantdaon of their molar t(^th. .Those whi^ 
subsist on mixed ibod, and which, like the fats, betray a tendenc/to carnivoraus habits, 
or which subsist, like squirrels, on the^oftsr and more nutritious vegetable substances, 
as tho kernels of nuts, suffer loss rapid abrasion of the grinding teeth a less dcptli of 
crown is, therefore, needed to perform the office of mastication during tho brief period 
of Kfo allotted to these active little mammals ; and, as the economy of nature is mani- 
fested in tho smallest particulars as well as in her grandB^ operations, no more dental 
substance is developed after the crown is formed than is rcquijpitc for thd firm fixation 
of the tooth in the jaw. • 

The rodents that exclusively subsist on vegetable substances, especially of tho 
coarser a^d less iiutiitioua kinds, as herbage, foliage, and the bark and wood of trees, 
wear away more rapidly tbc grinding surface of the molar teeth; tlze crowns are, 
therefore, larger, and their growth continues hy a repn>duction of the formative matrix 
at their base in proportion as its calcificck constituents, fomung the working part of the 
tooHi, an; worn away. So long os this rcproducflvc force is active, the molar tooth is 
implanted, like the incisor, by a long, undivided continuation of the crown. These 
rootle;^ and perpetually growing molars are always more or less curved, for they 
derive from this form the same advantage as the incisors, in tho relief of the delicate 
tissues of the active vascular matrix from the effects of the pressure which would 
otherwise have been transmitted mor^ directly from the grinding surface ; the capybara, 
and 010 Patagonian hare {JDoiichotis), afford good examples of this more compibx con- 
dition of the grinding^ceih. 

The variety in the pattern of the folds of enamel that penetrate the %ubstanco of th^ 
tooth, and add to its triturating power, is almost endless ; but the folds *havd always 
a tendency to a trans-^rs^dirccticin acro£ tho crown of the tooth*!*, the rodents. This 
direction relates to the shape of the joint of the lower ja*^, which almost restricts it to 
horizontal movefiicnts to and fro, during the act of mastication, in the true hoofed 
herbivorous animals, In which tho joint of the lower jaw allows a free rotatory move- 
ment, the folds of enamel take oth^ ibttas and directions^ with^odiilcations, cqpstant 
in each genus, and characteristic of such. . 

The horse is here selected as an example of suoh^beibivfirous dentitioi^ (Fig. 20). 
The grinding teeth arc six in number, on each side of both t^per and lower jaws, with 
thick square crowns of great length, and deeply implanted in the sockets, those of the t 
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upper jaw being dightly curved. When the summits or exposed ends of these teeth 
begin to bo worn down by mastication, the interblendcd enamel, ^dentine, and coflient 
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show the pattern figured in Cut 20 ; it is pcnetriatcd from within by a valley, entering 
obliquely from behind forwards, and dividing into or crossed by the two croscentie 
valleys, which soon bcponie insulated. I’hcre is a large lobe at the end of the 
valley. Tho outer suifaco of the crown is impressed by two deep longitudinal 
channels. In tho lower jaw tho teeth are narrower transversely than in the upper jaw, 
and are divided externally into two convex lobes, by a median longit]|dinai fissure ; 
internally they present throe principal unequal convex ridges, and an anterior and pos- 
terior narrower xidge. All Uic valleys, fissures, and folds in both upper and lower 
grinders are lined by enamel, which also coats«thc whole exterior surface of tho crown. 
Of the scries of six teeth in each jaV, the first three, p 2, 3, 4, are premolars, the rest, 
m *1, 2, 3, arc tnie molars. 

The canines arc small in the horse, and arc nidimental in tho mare ; tho upwora 
crown is remarkable for the folding in of the anterior and posterior margins of enamel. 
The upper canine is situated in thfe middle of the long interspace between the incisors 
and molars ; tho lower canine is closo to the outey incisor, but is distinguished by its 
more pointed form. The incisors arc six in number in both jaws ; they arc arrapgcd 
closo together in a curve, at the end of the jaw ; the crown is broad, and tho contour 
bf tho biting surface, before it is much worn, approaches an ellipse. The incisors of 
the horSfc ar6 distinguished from those of ruminants by their greater length and cur- 
vature, and from thosIS of all other animals ty the fold of ejiaiiuel (Pig. 3), a, which 
penetrates the crown from i^ flat summit, like the inverted finger of a glove. When 
tho tooth begins to bo worn, the fold becomes an island of enamel, inclosing a cavity 
partly fiUed by cement, and partly by the substances of the fotod, and is called tlio 
“ marl^,” In aged horjies thq, incisors are wom^ewn below the extent of the fold, and 
the “mark” disappears. This cavity is usually obliterated in the first or mid incisors 
at ,tho sixt]} year, in thtf second incisors at the seventh year, and in the third or outer 
incisors at the eighth yeir, in the lower jaw. The mark remains somewhat longer in 
»the incisors of the upper jaw. 


DEVELOPMKNT OP TEETH IN THE HOUSE. 


285 


The following is the average course of dcvcloi)ipent and succession of the teeth in the 
horse (^uus caballufj : — ^I’hc summits of the first functional deciduous molar, d 2, “ flirst 
grinder ” of veterinary autliors, are usually ajjparent at bii-th ; Jlic succeeding giinder, 
d 3, sometimes arises a d^ or two later, sometimes together with flie first, ^lieir 
appearance is speedily*followcd by that of the first deciduous incisor— “ centre n*pcr ” 
of veterinarians — ^which usually cuts th^gum between the third and sixth days. The 
second deciduajis incisor appears bctiivcen*the twentieth and fortieth days, and about 
this t^mo tlie rudimental grinder, p 1, comes into place, and the last deciduous molar, 
d 4, begins to cut the gum j about th^sixth^onth the inferior literal, or third incisors, 
with the deciduous canine, makf their appearance. The minu'te canine is shed about 
the time that the contiguous incisor is in place, and is Ihot retained beyond the first 
year. The upper deciduous canine is ^icd in the couilc of the sc<S)nd year. Tho first 
tnio molar, m 1, appears between the eleventh and thirteenth •months. The? second 
molai- follows before tho tw'cntietb month. Tlio first functioW premolar, p 2, disjdaccs 
the deciduous molar, d 2, at from two years to tw'o years and a half old. The first 
pennanent incisor protrudes from the gum at jb^tween two years and a half and tlwfc 
years. At the same period, tlic penultimate premolar, p 3, pushes <JUt tho penultimate 
milk molar, d 3, and the penultimate 4rue^molar comes into place. The last prcmolar 
displaces the last deciduous mola» at between throe years and a half and four years ; 

j.. • the appearance above the gnm of the last 

true molar, m 3, is usually somewhat earlier. 
The Bccond*f«eiaor pushes out its deciduous 
predecessor about tho samf| period. Tho 
permanent canin5, or “tusk,^’ next follows ; 
its appearance indicates the age of four 
years, but it sometimes conics earlier. The 
third, or outer incisor, pushes out the 
deciduous incisor about the fifth year, but* 
is seldom in full place before the horse is 
fivctoand a half years old. Upon the rising 
of the tliird permanent incisor, or “ comer 
nipper” of tho veterinarians, tho “colt” 
becomes a “ horse,” and tho “ fiUy,” a 
“mar^” in tho language of tho horse- 
dealer. After the disappearance of the 
“mark” in the incisors, at th^ eighth or 
ninth year the horse becomes “ aged.” 

Tho most comjdcx condition of tegth 
adapted to a vegetable didt i§ tha| presented 
by tho elephant* • Tho dentition oL tho 
genus Meplias includes two long tusks 
(Fig. 21), one in each of the intermaxillary 
hones, and large and complex molars (td.), 
m 3, 4,*and 5, in both jaws ; of tho latter 
there is ndver ifioio than one vflioUy, or 
two pavtiolly, Jm ^lacb and use on each 
side at any riVen time, foi* the sefles is 
continually in progress of formation and destruction, of shedding and replacement ; 
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and all tho grinders succeed one oj^othcr, like true molars, horizontally, from behind 
forward. c 

2 2 7—7 

The total number (ft teeth developed m the Elephant appews to be t ^— m =32, 

the 9ro large permanent incisors being preceded by two small deciduous ones, and the 
number of molar teeth wliich follow one anotjfor on each side of botii jaws being seven, 
or at least sis, of which the last three may, -by analogy, be regaled m answering to 
the true molars of other pachyderms. <. * 

The incisors not %nly surpass other Aocth «n size, as belonging to a quadruped 
so enormous, but they ars the largest of alhtecth in |>roportion to the size of the body, 
representing, in a natural sAtc, those *monstrouB tusks of the rodents, which arc the 
result of accidental suppression %f the wearing ft>rqc of the opposite teeth. 

The tusks of <thc elephant consist chiefly of that modification of dentine 
that is called “ ivory,’* ajid which shows, on transrerse fractures or sections, stria? 
proceeding in the arc of a circle from the centre to the circumferenoe, in opposite 
<]ch>«ctions, and forming by their dedliAsations curvilinear lozenges. This character 
is peculiar to ^ske of the proboscidian pachyderms. 

In the Indian elephant tlxo tusks are |dwicys short and straight in the female, 
and less deeply implanted than in the i^e; shi thus retaining, as usual, more 
of the characters of the immature state. *ln the male they have been known 
to acquire a length of nine feet, with a basal diameter of eight inches, and to 
weigh one hundred and iHty pounds ; but those dimensions arc raz‘c in tlu? 
Asiatic spocicr*. 

A mammoth^s tuslt h&s been dredged up off Dimgcness which measured eleven feet 
in length.* In several of tho instances of mammoth’s tusks from Britisli strata, the 
ivory has been so little altei'ed as to bo fit for the purposes of manufacture ; and the 
tusks of tho mammoth, which arc still better preserved in tho frozen drift of Siberia, 

* have long been ooUected in great numbers os articles of coxmnsreeu In the account of 
the mammoth’s bones and teeth of Siberia, published in the FhilDsophical Transac- 
tions ” for 1737, No. 446, tusks are eited which weighed two hundred pounds each, 
and ** are used as ivory, to moke combs, boxes, and such other things, being but little 
more brittle, and easily turning yellow by weather and heat.” From that time to the 
present there has been no intermission in the supply of ivory, furnished by the tusics of 
the extinct elephants of a former wqrld. 

Tho musket-balls and other foreign bodies which arc oecaeionally found in ivoiy, 
arc immediately sxirronndod by ostco-dentinc in gredtor or lees qumtity. It has often 
been a matter of wonder how such bodies should become completely imbedded in '{he 
substance of the tusk, sometimes without any visible aperture, or how leaden bullets 
may havcwbeceme lodged in the solid centre of a very large tusk without having been 
flattened. The cxplanalion is as follows : — a musket ball, aimed at the head of an ele- 
phant, may pbnetratc the thin bgny socket and the thinner ivoiy ^5*uietcs of the wide 
conical pulp-cavity occupying the inserted base of the tusk ; if the pr^eotile force he 
there spent^ the ball will gravitate fo the opposite and lower side of«thc pulp-oavity, os 
indicated in Fig. 21. The presence^ of the foreign^ body exciting inflammatioBi of the 
pulp, aif irregular couOjcfof cdcification ensues, which results in|hc deposition around 
the ball of a certain thickntas of osteo-dentiuc. The pulp then resuming its healthy 
state and fuftetions, coats surface of the osteo-dcntinc inclosing the ball, together 
*■ Owen’s “History of British Fossil Mairmalia,” 8vo, 1844, p 244. 
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with the rest of the conical caTitjr into wbiq^i that mass projects, with layors of 
normal iYory. 

The portions of me ccmcnt-foming^capsulc surrounding tly base of the lusk, cud 
the part of the pulp, whicH were perforated by the ball in its passage, '^ro soon replaced • 
by the active reparatife power of those highly vascular bodies. The hole formed by 
t^ ball in the base of the tusk is then i^re or less completely tilled up by a thick coat 
of cement fron; without, and of ostoo^dentino &om within. 

• By the continued progress of growth, the ball so inclosed is carried forwards, in the 
course indicated by the arrow in Fig«2i, the middle of the Solidified exserted part 
of the tusk. Should the ball ha\^ penetrated the base of the* tusk of a young elephant, • 
it may bo carried fonvards by the uninterrop^d gpsowllf and w'eor of the task, until 
that baae has become the apex, and bo^ally exposed Und discharged by tjio continual 
abrasion to which the apex of the tusk is subjected. *• * 

I had tim tn^ and pulp of tha great elephant at the Zoological Gardena longitudi- 
nally divided, soon after the death of that animal in the summer of 1847. Although 
the pulp could bo easily ^ptached fi'om the iimgc*Burfaco of the pulp-cavity, it was^flfE 
without a certain resistanco ; and when th<i edjes of the co-adaptsd ptdp ond^tooth were 
examined by a strong lens, the filameratary processes from the outer surface of the pulp 
could he seen strctdiing as they were witndrawn from the dentinal tubes before they 
broke. They ate so minute that, to tlfe naked eye, the detached surface of the pulp 
seems to bo entire, and Cuvier was thus deceived in concluding that there was no 
organic connection between the pulp and the ivory. • • 

Tlio molar teeth of the elephant arc remarkable for their great size, cyon in relation 
to the bulk of the animal, and for the cxtrt«ne complexity *of their ytructure. The 
crown, of which a great proportion is buried in the socket, and very little more than the 
grinding surface appears above the gum, is deeply divided into a number of transverse 
X)erpcndibulaxhplates, consisting each of a body of dentine, coated by a layer of enamel, 
e, and this again by the less dense bono-liko substanc^e, c, which fills the interspaces of * 
the enamelled plates, and hero more especially merits the name of cement,** since it 
binds together the several divisions of the erownhefore they are fully formed and united 
by the confluence of their bases into a common body of dentine. As tlic grow*^th of cuch 
plate begins at the summit, they remain detached, and like so many separate teeth or 
dentfeulcs, until their ba.se is completed, when it becomes blended with the bases of 
contiguous plates to fimn the common body of tho^ crown of the complex tooth, from ; 
which the roots are next developed. • 

The plates of the molar teelh of the Siberian mammoth {Elephas primigenm>)f (Fig. 

22)7 ^ thinner in pi^portion to their breadth, and arc generally a little expandi'd at 
the middle : and the^ are more numerous in proportion to the size of the crown than in 
the existing species of Asiatic elephant (iA) In the African elephant on^the other 
hand, the lamellar divisions of the crowm are fewer and thickcr,»aud they expand more 
uniformly from the nai^lhs to the centre, yielding a ^ozcngc-form wheif cut or worn 
transversely, as^in mastication. * 

The formation of each gander begins with the s^pimits of the anterior plate, and 
the rest are completed»m succession^ tooth is gradually advanced in position as its 
growth proceeds ; and in the existing Indian elephant, the ai^fior plates arc brought 
into use before the posterior ones are formed. When ths ccmplex molar cuts^the 
gum, the cement is first'rubbed off the digital summits ; th^ their enamel* cap is worn 
away, and the central dentine comes into play with a prominent enamel ring ;^the ^ 
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digital processes are next ground doM^^ji to their common uniting base, and a transverse 
tract of dentine, with its wavy border of enamel, is exposed; finally^ the transverse plates 
^ ^ ^ themselves are abraded 

^ ® to their common base 

cCdcntine, and a smooth 
and polished tract of that 
substancp is produced. 
From this basis the roots 
of the molar arc deve- 




Aft'icam, ^ JSlephoft primiffeniits, 

fig. 22 . — UOLAa TEKTII OF JSLEl'JIANTB AKD THE SIBERIAE XAMMOTJI. 


loped and increase in length to keep the worn crown on the grinding level, until the repro- 
ductive force is exhausted. AVhen the whole extent of a grinder has sucsessWely come 
into play, its last part is reduced to a long fang supporting a smooth and polished field 
of dentine, with, perhaps, a few remnants of the bottom of the enamel folds at its 
hinder part.* When the complex mojar has bten thus worn down to an uniform sur- 
fnoc, it becomes useless as an instrument for grinding the coarse vegetable substances 
on which tlic elephant subsists ; it is attacked by the absorbent action, and the wasted 
portion of the molar is finally shed. 

The grinding teeth of the elephant progressively increase in size, and in the number of 
lamellar divisions from the first to tfic last ; they 'succeed each other from behind forwards, 
moying,^ot in a right line, but in the arc of a circle, shown by the curved lino in Fig. 
21. The position of the growing tooth in the closed alveolus, in,* 5, is almost at light 
wiglos with that in use, the grinding surface being at first directed backwards in the 
upper jaTpr, a]Q,d forwards in the lower jaw, and brought by the revolving course into a 
horizontal line in both jaws, so that they opppso each other when developed for use. 
The imaginary pivot* on which the grinders revolve is next thtir vt/ot in the upper jaw, 
and is next the grinding surfixie in the lower jaw ; in both, towards the frontal surface 
of the skull. Viewing both upper and lower molars as oifo complex wVolc, subject to 
the same revolving movement, the section dividing such wholo^into upper and lower 
portioifruns parallel itd the fturvo described by (he movement— the upper being tbe 
central portion, or thaf- nearest tlu3 pivot; the lower, the peripheral portion. The grind- 
ing*surfaoo the upper i^lars is consequently convex from behind forwards, and that 
of the lower molars concave ; the upper molars are always broader than tho lower ones. 
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The bony plate forming the sockets of thb growing teeth is more than usually 
distinct from thosbody of the maxillai’y, and participates in this revolving course, 
advancing forwards . witj^ the teeth. • * • • ^ 

Snccession.— As the rate of increase, both of sizes and in the dumber of the com- 
ponent plates of the grinding tooth, i* nearly identical in both jaws, it will suffice to 
briefly describe the teeth and the ptftiods at which they successively appear in the 
lower jaw of^the Asiatic elephant. 

• /The Jirst molar j which cuts the gum in the course th(; second week afttn- birtli, •' 
has a sub-compressed crown, nine •lines in antero-posterior diameter, divided by three 
transverse clefts into four plates, the Aird.bcfti^ tli^ broadest, and tho^ tooth here 
measuring six lines across ; the base slightly contr&^B, and formif a neck as long as the 
enamelled crown, but of l^ss bregdtfl, and this divides into a9 anterior*and,po8torior, 
long, sub-cylindrical, diverging, but mutually incurved faugs ; the total length of this 
tooth is one inch and a half. I'he corresponding upper taolar cuts the gum a little 
earlier than the lower one : the neck of tins |ooth is shorter, arid the two fai^ip^c 
shorter, larger, and mofc compressed than ^ose of the lower first iifolai*. The first 
molar of the clcjdiant is the homologuo of the probably deciduous mohft: (Fig. 25), 
d2,m other ungulates ; it is not a mcrcaniniaturc of the gi-cat molars of flhc mature 
animal, but retains, agreeably witli^ tlic period of life at which it is* developed, a 
character much more ncjarly approaching that of the ordinary pachydermal molar, 
manifesting tlic adherence to the more general type by the minor complexity of the 
crown, and by the form and relative size of the fangl. In the transverse divisions of 
I the crown we perceive the affinity to the tapiroid typo, thg ditferent links connecting 
; which with the typical elephants are supplied by the extinct lophioddns, dinotheriums, 

I and mastodons. The subdivision of the summits of tlie primary plates recalls the 
; charactp of the molars, especially the smaller ones, of the phacoehcre in the hog tribe, 

: As the elephant advances in age the molars rapidly actquire their more special an j 
complex character. 

! The first molars arc completely ii} place and in fuU use at three months, and arc 
shed when the elephant is about two years old.* ^ 

The sudden increase and rapid dcvcluiimcnt of the second molar may accoxmt for 
the non-existence of any vertical successor, or “ prcmolar,” to the former tooth, in tlie 
cleptiant. The eight or nine idaies of the crowii oi^* formed in tlie closed alveolus, 
behind the first molar by the time this cuts the gi^, and they arc united with the body < 
of the tooth, and most of them use, when the first molar is shed. The average 
length of the second molar is two inches and a half, ranging from two inches to 
two inches and nii^ lines. The gi'catest breadth, which is behind the middle of tiic 
tooth, is from, one inch to one inch three lines. There ore two ro(»ts ; the cavity of 
the small anterior one expands in the crown, and is continued into t&it ot the 
anterior plates. The J]}ickcr root supports tho rest of the lo^th. Tl^ second molar 
is worn out and shcT before the beginning of the sixth year, 

The tJiird molar has t^e crown divided into from eleven to thirteen plates ; it 
averages four inclios in length, and two inches in breadth, and has a small anterior, 
and a very large postSrior root ;; it begins to appear above the^g^ about tbc end of the 
second year, is in i^p most complete state and extensive use during the fifth year, and 
is worn out and shed in the ninth year. The last remnant %ft£e third mplar is shoTvn 
at m 3 (Fig. 21). It is probable that the three procediig teeth are analogous to the 
deciduous molars, d2,dZf and d 4, in the hog (Fig. 25). • • 
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The fourth molar proEtoxits a markc(f superiority of size over the third, and a Bomc- 
vrhat dififerent form ; .the anterior angle is more obliquely abraded, giving a pentagonal 
^figure to«tho tooth in the Vpper jaw (Fig. 2fl), m t. The numbpr of plates in the crown 
of this tooth is fifteen or sixteen, its length betwcon seven and cigl^ inches, its breadth 
throe inches. It has an anterior simple and sjendor root supporting the thi*oo first 
plates, a second of larger size and bifid, siippwting the four next plates, and a large* 
contracting base for the remainder. The forc-pait of the grinding oirfaiMf of this tooth 
• begins to protrude through tjie gum at the sixth year ; the tooth is worn away, and its 
la.st remnant shed, about the twentieth or twepty-fitth year. It may be regarded as the 
homologue of the first true mokr of^rdinory pachyderms (Fig. 25), m 1. 

The Jffth molar, 'with a croiwn of from seventseon to twenty plates, measures 
between nine *lm<l ten yichcs in length, and aboifb thrae in^hrs and a half in breadth. 
The aetjond root is more distinctly separated frottM^ first simple root tliaii from the 
lai'gc mass behind. It bcgftis to appear above about the twentieth year ; its 

has not bd'n afeOorLained by ^1)sorvationi''biit it probably is not slied before 
the sixtieth 3 'caF. « * 

The six f ft molar is t\ie last, and has from tw'enty-two to twenty -seven ]>latcs; 
ifc'i length,* or antero-postcrior extemf, follofi^ing thj curvature, is from twelve to 
fiflocn inches; the bread tli of the grinding Hur|ace rarely exceeds three inches jmd 
a half. One reasonably conjecture that the sixth molar of the Indian elephant, if it 
make its appearance about the ^fiftieth year, w'ould, from its superior depth and length, 
continue to do the work of musAcation until the ponderous i)ach 3 rdDrm had passed the 
century of its existence, c 

]>eTelopm«lit.' — The long-mistaken phenomena of the formation of the dental 
substances will bo here described as they have been obson^od in the lai'go teeth of the 
elephant ; if the description be (*omprehended in regard to these, tlie most <y)mplex, 
juembers of the dental system, tlic true theory of dental development will be readily 
understood in regard to all the various forms and gradations of teeth. The matrix, or 
formative organ of the tusk, consists of a largo conical piilp, which is renewed quicker 
ihan^ it is converted, and thus is not only preserved, but grows, uj) to a certain period 
of the animaVs life ; it is lodged in the cavity at the base of the tusk ; this base is 
surrounded by the remains of the capsule, a soft vascular membrane of moderate thick- 
ness, which is confluent with the border of the base of the pulp, whore it receives its 
, i ])rincipal vessels. * 

Each molar of the elephant is formed in tlie ir^^erior of a membranous sac — ^tbe 
ca^x^ulo, the fom of which partakes of that of the future tooth, being cubical in the i^rst 
m^lar, oblong in the last, and rhomboidal in most oi the intetmediate teeth; but 
always decreasing* in vertical extent towards its posterior end, and closed at all points, 
sav<^ where it is penetraj^ by vessels and nerves. It is lodged in an osseous cavity of 
the same formyas itselij and usually in part suspended frocly it^tl]!^maxillary bone, the 
bony case being destined toforpi^ort of the sooket of the tooth. The exterior of the 
mombranous capsule is simple and vascular, as shown at m 5, Fig. 21 ; its internal 
sm*fii(e gives attachment to numdtous folds or processes, as in nfost other ungulate 
anioialsjt • • ♦ * * ‘ * 

The dentinal pulp rises from the bottom of the capsule, or that pai*t which lines the 
doepftst port Bf the olveoltuT, in the fierm of transverse part^el plates extending towards 
that part of the capsule reafiy to escape from the socket. These plates adhere 'Only to 
the bottom of the capsule ; their opposite extremity is free from all adhesion. This 
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summit is thinner than the base ; it might ho termed the edge of the plate ; but it is 
notched, or divided into many digital pi*ocesseB. The tissue of tlicse digitated plates is 
identical with that of dentinal |>ulp df simple MammaSian te eth ; it bevornes also 
highly vascular at Jho parls whore the formation of the dentine is fii active progress. 

Processes of the capsule descend -&om its summit into the interspaces of the dentinal 
pulp-j>latcs, and oonsequontly rcseAle them in form ; hut they adhere not only by 
their base tO the surface of tlie capsule next the mouth, hut also by their hiteriil margins 
* to*the sides of tlie capsule, and thus resemble partitioq-w^Ua, confining each pluh* o4H* * 
the dentinal pulp to its pro^r ^arnl^r ; the margin of the p;irtition opposite its 
attached base is free in the interspace of tho«origiuB of^o doiS:inal pulp*platGs. * 

Tho cnaniol organ, which Cuvier appears to ha^je recognised under the name of the 
internal layer of tlie capsule, is distinguishable by its light bl^ie sub-tranispty’cnt colour 
and usual microscopic texture,, tt^criiig to the free surfftre of the partitions formed by 
the true inner layer of tlie Although the cnaintd-pulp be in close contwtt with 

the dentinal pulp prior to tho eijramencemen^ of tho formation aif tho tooth, c^j^iay 
readily conceive a vaedity between them, -j^ch is continued unijitc'ivuptedly, in many 
foldings, between all tho gelatinous plates of the dentinal pulpi and •tho partitions 
formed by the combined ciiam^l-pulp afcd the folds of the capsule. Accfirding to the 
excretion view, this delicate appari^tus roust have been immcdiatt'ly subjected to the 
violence of being compressed in tho unyielding bony box, by tho deposition of the 
dense matters of the tooth in tho hypothcticfil vacuity between tljc enamel and dentinal 
pulps ; a jirocess of absorption must have been conefeved to be sot on foot immediately 
that the altered condition of the gelatinous secreting organ# took pla(% ; and, according 
to Cuvier’s hyijotbceis, tho secreting function must bo supposed •to have proceeded, 
without any irregularity or intorruplion, while the process of absorption was suporin- 
ducot\ in tlie same part to relieve it from tho effects of pressiu’o i>roduecd by its o^vll 
secretion. ^ 

The formation of the dentine commences immediately beneath the membram propria 
of the pulp ; a part which Cuvier distinctly recognised, and which he accurately titiccd 
as preserving its relative situation between* the dentine and enamel throughout the 
whole formation of tho dentine, and discernible in tho completed tooth as a very iuie 
g^yish line, which separates tho enamel &om the internal substance or dentine. 

The eolciiication and conversion of tho cells of the dentinal pulp commence as usual 
at the i)eriphoral parts of the lamclliforra proccsips furthest from the attAcdiod base. IJ 
may readily be conceived, thcrj|forc, that, at tho commoncement, there is formed a 
Jittlo cap upon eash of the processes into which the edges of tho pnlp-])lato8 are divided. 

As tho ocntripeta^calcihcation proceeds the caps are converted into horn-shaped cones. 
When ' it has reached tlio bottom of thn notches of the edge of the pulp-plate all the 
cones become united together into ^ single transverse plate^ and, tlie process of con- 
version having r^gj i^hpd tho baso of the pulp^plate, these plates ooalesco form a common 
base to tho crown of the tooth, which would then present the same eminences and 
notches thal^ charaoteriz^d the gelatinous pulp, if, during the period of conversion, 
other Bubstoncef^ had not been fbnned upon tlur siu:&ce and in the interspaces of tho 
pulp-platos. • . • • ’ • • • * 

Ooineident, hoivever, with the formation of the dentme^ is the deposition of the 
hardening salts of the onamd in tho extremely slender ptlsitt&io eeUs, Y^ich aiis for tho 
most part vertioal to the plane of tho inner sur^oe of M folds of the capsule to which 
they are attached. The true inner pert of the capsule forms those thids tranaverso^blds or • 




292 * DEVELOPMENT OF THE ELEPIIANT^S GRINDEKS. 

» 

partitions which support the enamel orga\i, and with it fill the interspaces of the dentinal 
pulps. With regard to the formation of the coincnt, Cuvier, after cifing the opinion of ^ 
jTcnon — ^ttiat it was tlic f-esult of ossification of the intemd lAyor of the capsule, and i 
that of Blake — ^tha! it was a deposition from the opposite surface of the capsule to tliat 
which had deposited the enamel, states his own|Conviction to be that the cement is 
produced by the same layer and by the same siiPfacc as that which has produced the 
enamel. The proof alleged is, that so long as any space remains lajtwoch the cement 
"*^'ttnd the external capsulg, tljat space is found to contain a soft internal layer of Vhe 
capsule with a free surface next the cemen?^ Thi phenomena could not, in fact, be 
otherwise cfplaimid according tp thc^ ewsretion theory ’* of dental development. To 
the obvious objection that the same part is made, in this explanation, to secrete two 
different proddets, Ou-\^r replies, that it undergoes* a change of tissue : “ Whilst it 
3dcldcd enamel only it was Chin and transparent ; to ^ve cement it becomes thick, 
spongy, and of a reddish chi our.” The external characters of the enamel organ and 
ccftk«j|^-forming capsfilc are correctly dc^cd ; only, tho one, instead of being converted 
into the other, *ks is fact changed into supposed transiid^ion ; tho enamel fibres 
being formed? and propcAy disposed in the direction in which their chief strength is to 
lie, by the Ajsimilativo properties of the pre-arfenged cymgated prismatic non-nucloatcd 
cells, which take from the surrounding plasma thg required salts, and compact them in 
their interior. 

Whilst this process is on fo(jf, and before the enamel fibres are firm in their position, 
the capsule begins to undergo that change which results in the formation of the thick 
cement ; the calefying profess commences from several points, and procccjds eentiifu- 
gaily, radiating therefrom, and differing from the ossification of bone chiefly in the 
number of these centres, which, though close to the new-formed enamel, are in the 
substance of the inner vascular surface of tho capsular folds. The cells arrange them- 
splves in concentric layers around the vessels, and act like those of tho enamel pulp in 
receiving into their interior the bone-salts in a clear and compact state. During this 
process they bocomo confluent with each other, their primitive distinctness being 
indicated only by their persistent granular nuclei, wliich now form the radiated 
Purkingian capsules. Tho interspaces of the concentric series of confluent cells become 
filled with the calcareous salts in a rather more opaque state, and tho conversion of ^thc 
capsule into cement goes on, according to the processes more particularly described in 
tthc Introduction to my “ Odontography,” until a continuous stratum is fonned in clos<; 
connection mth the layer of enamel. ^ 

Calcification extending from the numerous centres, the different portions coalescp, 
nnd^ progressively add to the thickness of the cement, until all tht interspaces of the 
coronal plates and> the whole exterior of the crown arc covered with the bone-like 
Bubst^ce. * The cnamel-^ulp ceases to he developed at the base of the crown, but the 
capsule continues to bofformed pari pmau with the partial formaljpi^f this 

continues, progressively contraGtjpi^, from the base of tho crown, to form, by its calci- 
fication, the roots. The calcification of the capsule going on at the same time, a layer 
of cement is formed ^in immodiatetconnection with the dentine. The circumscribed 
spaces atHhe bottom |hc socket to which thcF cupsule and dentinal pulp adhere, 
whoTO they receive their^vessels and nerves, and which are the seal; of the progressive 
formation of ^eae respective moulds of &e two dental tissues, become gradually 
contracted, and subdivided Ify the further localization of the reproductive forces to 
particitlar spots, whence the subdivision of the base into roots. The surrounding hone 
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undergoes corresponding modifications, growing and filling up the interspaces left by 
the dividing and icontracting points of attachment of the rcsiduaiy matrix. AH is 
subordinated to one h^pionious laT| of growth by vascular action and c«ll-forma- 
tioii, and of molecular decrement by absorption. Mechanical sq^itoczing, or di’awin^ 
out, has no share in these changes, of the pulp or capsule ; pressure at most exer- 
cises only a gentle stimulus to the ^tal i^ocesses. Cuvier believed that there were 
plticcs wherfi the dentinal pulp and the capsule were separate from each other. I have 
noVer found such, except where the enamel-pulp was interposed between them in the crowi^, » 
of the tooth, or whore both pulj aiM caplulc adhered to tke periosteum of the sotski't, 
below the crown. Cuvier affirms that *the number fangs* of an elephant’s molar 
depends upon the number of points at which the of the gelatinous (ddiitinal) pulp 
is attached to the bottom of the cap^ile ; and that the intcrsp^cs of thi^e attachments 
(■institute the under part of the crown or body of the tootfi, th^ attachments tlicmsclvos 
fonuiug the first beginnings of^he fangs. True to his h 7 i)othesis of the fonnatio» of 
the dental tissues by excretion, he says that the elongation of thogfangs is producci^y 
two circumstances : firSt, the progressive clJligation of the layers ^of asscous suDstance 
(demtine) which force the tooth to lise afid emerge from its soclfct ; secondly the thicken- 
ing of the body of the tooth by the •addition of successive layers to its inner suiTace, 
which, tilling up the interior cavity,^ leaves scarcely room for the gehitiuous pulp, and 
forces it dtjwn into the interior of the roots. 

'rhls pulling up of the fang on the one hand, and squeezing down the pulp on the 
other, arc forces too gross and mechanical to be adiniftcdin actual physiology to exidain 
Uic growth of the root of a tooth or of any other organized produci^, such modes of 
explanation were, however, inevitable in adopting the ‘‘excretion •theory’* of dental 
devolopmont. 

Thpre are few exaniph>s of organs that manifest a more stiiking adaptation of a 
highly complex and bcautifiJ structure to the exigencies of the animal endowed with it, 
than the grinding teeth of the clej)hant. We perceive, for example, that the jaw is nJjt 
enj'umbered with the whole weight the massive tootli at once, but that it is formed 
by degrees as it is required ; the division of ^ho crown into a number of successive 
plates, and the subdivision of those into cylindrical processes, presenting the concLitions 
mqpt favourable to i)rogrcs8ive formation. But a more important advantage is gained 
by this subdivision of the tooth ; each part is formed like a perfect simple tooth, having 
a body of dentine, a coat of enamel, and an outer investment of cement. A single digita^ 
process may be compared to the^implc canine of a carnivore ; a transverse row of these, 
therefore, when tho work of mastication has commenced, presents, by virtiTc of the dif- 
ferent densities of^oir constituent substances, a series of cylindrical ridges of enamel, 
with as many depressions of dentine, and deeper external valleys of cement ; the fiiorc 
advanced and more abraded part of the crown is traversed by the traftsvefSo ridges of 
tho enamel inclosin g depressed sitface of the dentine, oni separated by the deeper 
channels of cement : the fore part of the tooth exhihite its least efiicient condition for 
mastication, the inequalitiiCB of the grinding surface being rcduqed, in proportion as the 
enamel and cemefit have been worn away. Thi/ part of the toolh is, however, stiU 
fitted for the first *coar8@ crushing* of ^e hraxvchcspf a t^ee :^tho transverse enamel 
ridges of the succeeding part of tho tooth divide it into smaller fragments, and tho 
posterior islands and tubercles of enamel pound it !o tho ^p*fit for dc^utition^ 

The structure and progressive development of the tdbth not only give to the ele- 
phant’s grinder the advantage of the uneven surface which adapts the millstone ^for* its < 




294 


TBETH OF THE »|EGATHEIUUi»f. 


I office, but, at the same time, sooure the Constant presence of the most efficient orrango- 
ment for the ffiicr comminution of the foody at the port of the moutbfi which is nearest 
the fauoeg. • * ( •> 

• In the tusks of ftio Mmloden gi^aniem the outer layer of comont^is rclativicjly thicker 
than in the tusks of the manimotli, ar in those ^ the Indian clepliaat. The general 
character of tho mioroscox>ic strueturo of tho ivoi§' of tlio mastodon’s tusk is the same 
as that of the clciffiaut. * o * 

By the minuteness jind close an'angonicnt of tho dentinal tulxis, and cs])ecially by tbeir 
strongly undulating secondary curves, a touj^iiei* aAd more clastic tissue is prodiiceil 

• than results fh)ni their 'disi/osijion in* ordinary dentine; and the modification which 
distinguishes “ ivor}^” is doubtless ^s&cntial to the due dogitio of w)ho]’cnco of so large a 
mass as tho elejffiant’s tu^sk, ])roj(‘cting so far froA tho supj)ortmg socket ; and to bo 
frequently applied in doling ^lard blows and thrusts. 

Teetli of the Megathexium.— TI k^ megatherium (^Tr. megany gresat ; thcriony beast), 
so fcsdlod from its coloijsul size — l>cing as lai*gi' as the cloph^t, and cv(*n suipnssing that 
hugSfof existing qiyulmpeds in some fts proiwrtioiis — ^wasdUee an inhabitant, and 
apparently iiuaome numbers, of tlie American 'continent, especially its soutliem di^d- 
sion, mid sufcaisted on a similar kind of food to the ?lle])hants, viz., the smaller branches 
and leaves of trees ; but all the genera and species of inogatlierioid beasts are now 
extinct. Nevertheless, from the fossil remains of the megatherium the anatomist is abb* 
imeiTingly to deduce th() nature of its food and many of its peculiar habits; and also 
to bring to light a systtmi of donlifion, designed, like tliat of tho elephants, for the* service 
of crushing and Tifeaticating coarse vegetable diet throughout a long-protrotded iridi>i- 
dual existence ; and yet, by a modification of tho fomuitivc proecsses and economy of 
the teeth, quite difieront fi’om those that have been adoi)ted foi* the same ends in the 
elephant tribe. ^ 

In these, as has been shown, the siip])ly of a masticating apparatus, to serve tho 
reqiiirements of a gigantic animal during one or ]>erhaps two centuries of existence, was 
prrmded by a succession of different molar tec-lji presenting the due eomplcxit}'' of 
stmeture. In the megatlioriura the samb end was obtained by a jicrpotual gi’owtli of 
tlie same complex molar teeth — ^thc different dimtal substances being formed at and 
added to the base of the tooth, in proiiortion as they were gi-ound down at the expo|^ed 
summit. 

^ Tho true number of teetli was dcfi>rmincd by a removal of the min(Tal substances 
adhering to tho surface of a jiortion of a fossil skul| of a megatherium, brought by 
Mr. Charles •Darwin from South America (Fossil Mammalia of th? “ Voyage of thp 
Beagle,” 4to, 1840, p. 102), Tho animal has not, as in the eleph^t, any tusks : its 
toetlf aio molars or grindors exclusively; thoy.aic five iu number on each side of tht* 
upper jaw, and fdur on each side of the lower jaw — eighteen in all. AU these tooth are 
remarSahle for their gr<*aif length in junportion^^to their brea^^i ^ thickness^, being 
from eight to ton inches in length, «md between two and three inches only in breadth. 
They are veiy doitqdy iinplanted in tlic jaw, and the lower aw has a qjuite peculiar 
form, in ordci' to acquire the requisite* room for the lodgment of thofr lower tooth and 
their “ inalricca,” or f^na^ve oiTgons,. * • * 

Tho next peculiarity , & bo noticed in these rcmarkablo teeth is ^he great lengtli of 
the conical eavijjy afc thotf ho^e, for lodging tho part of tho matrix called the pulp 
tho apex oTtho pulp*cayity rialog as far as the port of the tooth where it emerges fr'om 

• the pocket. A transrerso fissure is continued from this apex to the middle concavity of 
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the grinding surface of the tootji, which is tht^ divided into two halves. Each of these 
halves consists of jhree distinct substances-^ central column of vaso-dentiao,” a peri- 
pheral and nearly equally thick layer of “ cement,** and an intermediate thinner stratum 
of true or ‘‘hard doiitiu/^.’*# This lattd* has been described as being (y^iamd ; biA itis only 
analogous h) that diifcreiitly constituted and haia^r substance in tlie compound teeth 
of the elephant, in regard to its rclat jp situation^ and its degree of density to the otlicr 
constituent!! of th(‘ tooth of the megaumriuin. 
j» , No species of the order called “Bruta” or “.Edentata,*' to which tlu' extinct 
I inegaihoriuni helongs, has true cn^el 'Storing into thtf (foaiposition of its toetli ; * 

; the modifications of strncturc'^wdiich tbia teeth present in thi^ different genoj'a of this 
' order are considcrahlc, and their comi>lcxity*is lu^ Icss^than that of tho entmclled teeth 
! of tlio herbivorous, ruminant, and pthor hoofed aiflmals, in eoiisoquoncc of tiro intro- 
j duct ion of a dental auhsiiincc — tlic “ vaso-dentino ” — ^into tli^’ compojutiojr, analogous 
I in stnictiiro to that of tho te<ih of the .Wyliohates and Aher cartilaginous fishes. The , 
j ei'oicnt of th(i megatheriuDOL’s tooth differs frtmi the raso-dentine in the larger size^nd 
! wider interspaces ol' it;? meduUaiy canals, ‘apti by tlic prosenee 0 / radiated bon(!«il<lfS in 
' their interspaces; but they are hrought A^to oi'gfmic, comn’smiAitioil with each other, 

' not only by mc'ans of the tubes otWcoiuae dentine, ])ut by occasional continuity of th»‘ 

! vascular canals at i'oss that siJ*tancc. 'flio tooth of tlie mcgiitheriuni tRus ofters an 
I unequivocal cxamidc of a course* of 'tnitriment from the d *ntinc to the e(*nicnt, and rtM-i- 
j ju’ocally ; so that tins main substance or body of Ibi* hiotU can obtain the retpjisitc supply 
! for its languid vitality Ivom the vessels of tho capsul^jr^s well as from those t)f the pulp. 
The conj(;al cavity at llu* base of the tooth attests the large size^nnd d'‘TiU)nfltratcs 
thf' form of the persistent pulj) in the living megathorLunf : tho diameter of its base is 
oqiuil to tho part of tlic tooth which is formed by the oombineJ dentine and vaso- 
dentine. From tlu' gradual thinning off and final disapiK-nraiice of those substances as 
tli('y reach the l)aso of tho tooth, it may bo inforied that both were formed at the 
expense of the pul]). The fine dentimd tubes must have boon established and caleiiii'd 
in the pcrii»heJ’al layer of tJic pul]), which layer must have been wholly so converttid 
into the dentine ; but as lire depositfon of th^ hardening salts proceeded in the rest of 
the pulp, certain tj sicts of that soft and vascuhiv substance wc,rc left uncalcified,»to fonn 
the mcdullaiy or vascular canals which characterize the vaso-dentiue. The sj)acc 
bMweon the inserted base of the tooth and the walls of tho souket indicates the thick- 
ni'ss of the dentid capsule, l)y the ossification ol^ which tlic cxtcrioi* layer of cement was 
formed ; and this modification of tho tooth-forming organ in the megatherium pcrmitMl 
the progrcs.sivc addition of ceml^nt, as the persistence of the et>mpoiind p\dp occasioned 
The uniutorruptei and continuous formation of tiio harder dentine, which is analogous 
to the enamel in Iho elephant’s grinder. , 

In all essential cJiuracters tho teeth of the racgathoriiun rt5>C9t, oy c magnified 
scale, the dental peculiarities of tho .sloth ; and sincio, fotim a similaiity of the form, 
munber, kinds, of tooth, a similarity of food iA to bo inferred, it )uay be 

(joucluded t^at the loaves and soft succulent sprouts tof trees formed the staple diet of 
the nicgathoriuip, aud of tlie cognate and contemporary megalonyx and mylodon, as of 
tho existing slothsfb Tlio cnoinnous claw'S of thd^c great cxtix]||] slotli-like quadrupeds, 
to judge by tho fossorial (digging juid scratching) ch&metc# af tho powerful mechanism 
of tho limbs that worked them, 'woro employed, n«t, os tli% sloths, to cany tho animal 
to its food, but to bring the food within the reach of tl^^aniinal, by ii^rooting^e trees 
on which it grew. 
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In ih 9 of the megatheriuj^ we have evidence of tlie framework of a 

quadruped ^ task of undermining and tearing down 1^. largest trees in a 

tropical Ulillie latter operation it iji obvious that the immediate application of 

,the aufteilor afltrc^ties to the trunk c»f the tree would dcmaQ{i*a corresponding fulcrum 
to bo effectual ; and it is the necessi(t| for an adequate basis of support and resistance 
to such an application of the fon^xtromitics/which gives the explanation of the 
seemingly anomalous development of the perns, tail, and hinder extremities of the 
megatherium and its extinct allies. No wonder, therefore, that their type of stnictac' 
*|^should bo so peculiar ; fot where shall we now find quadrupeds equal, like them, to the 
habitual task of uprooting trees for foqd ! • • 

Teeth the Anoploth%xliiin.*-Of the extinct quadrupeds with hoofs, and 
which were consequently herbivorous, the species^ restored by Cuvier from fossil 
remains dascavered in *tiae quarries at Montmartre, near Paiis, was one of the most 
ancient. The great comparative anatomist called it €noploi/ierit(m, from the Greek 
words signifying ** weaponless,” because it had neither horns nor tusks. It was, how- 
cvOlnaiharacterizcd hf the most complete^si'slcm of dentition ; for it not only i)ossos8ed 
incisors andcaniitcs iAhotfi jaws, but these irere so equably developed that they fonned 
one unhrokcif series with the premolars and m(2arsf. which character is now' found only 
in the humak species. < 

3_-3 1-1 4-4 


The dental formula of the genus AuopIotJtermm is expressed hy- 


3-3» ' il_i>^'4-4 


nt ~ — 5 = 44, signifying that itl&d, on each side of both upper and lower jaw's, three 

tj— d ^ 

incisors, one canine, four pifimolars, and three true molars ; in all, forty-four teeth. 

Those teeth w'hicli arc transitorily manifested in the embryo state of some ruminants, 
as the upper incisors and canines and the anterior premolars, p 1, were in the ancient 
anoplothcrc retained and raised to a proportional equality of size and functi6n with the 
ro«rt of the teeth. The true molars had a broad grinding surface, with enamel-covered 
cresc,eutic lobes, remotely resembling those of the existing ruminants. In some of the 
smaller species of anoplotherium the rumiqaut type* of grinding surface was more closely 
adhered to, imd the fossil lower jaws of such species, as e. g, of the IHcJwbum ce%'vinum 
have been mistaken for those of a ruminant, and have been referred to the genus 
Moachm. One of these interesting transitional extinct quadinipods, described in tlbc 
‘‘Geological Journal,” for 1847, under the name of Bichodon^ had forty-four teeth in 
«nc uninterrupted series, and of the same kinds, as in the anoplothcrc ; hut the teeth 
thei-o marked P 4, and m 1, upper jaw, I have asceitain§d to he “milk-teeth.” 

Teeth of RuminantB.— The even-toed or artiodactylo Ungulata superadd the 
characters of simplified form and diminishod size to the more important and constant ono 
of vortical supces^off in their prcmolar teeth. ^Ihesc teeth, in the ruminants, represent 
only the moiety of the trua molars, or ono of thettwo semi-cylindrical lobes of which 
those tooth consist, witfi at most^a rudiment of the secondT&iSJT An analogous 
morphological character of the pr Auolars will ho found to distinguish then^ in the den- 
tition of the genus Sm (Fig. 25, i? 2, » 3, p 4), in the hippopotamus a|id in the phaco^ 
oftmi'us or wart-hog, wkisre the premolar series is gr^atiy reduced im number : yet this 
instance of % natural affink;/, manifested in so many other parts of tl^e organization of 
the artiodactylo genera, ha^ bqpn oveiiooked in F. Cuvier’s work above cited, although 
it is expressly dSsigned to sh5^ how such zoological relations ore illustrated by the 
teeth. ^ 
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Most of tho deciduous teeth of the ruminants^'csemble in forbi the molars; the 
last, e. ff., has thi'co Jobes in the lower jaw like the last true molar. therefore, 

the third prindcr of the lower jaw of any new«or rare ruminant, show^Saree lobosj^ the 
crowns of tho proinolars sfioidd be sougnt for in the substance of the* jaw below liese, 
iind above their oppoifcnts in the upper jaw ; and the true characters of the por- 
luanont dentition may bo ascertained. 

The dccidiiOUB njolars arc three in number on each side, and, being succeeded by as 

• 3-— 3 3—3 

inanj preinolars, the ordinarj" permanent molar formula is m -g_; 7 g •' but there i 

is a rudiment of an anterior milL^molai*, <?•!, in the emb^o *fall»^v-deor, and in one of 
the most ancient of the extinct ruminants Kaui))^ihc nomial number 

of prcmolars was fully developed. , » * , 

The molar scries of all the Diphyodonts is naturally dmsiblt«iiit() onljSHwd groups, 

prcmolars aud molars ; the t 5 ^)ieaf number of these is | ^ and each individtHff 

tooth may be determined, and symlnjlizcd tfir^tPghout tlio series, as is shown i#**fl(c 
instances imder Cut 25 . • • • * 

Seal Tribe. — Theroais a tendency to deviate from the fenne number 
of the incisors in the most aq^-^tatic ana piscivorous of the Musteline quadrupeds, 
viz., the soa-otter {enhydm)^ in whitdi species the two middle in4ik)rs of the lower 
jaw are not developed in the permanent dentition. In the family of true seals, the 
iucisive formula is further reduced, in .some species cwfn to zero in the lower jaw, 

3 3 

and it never exceeds - — All the phocidoi possess powerful canines^ only in the 
2—2 , 

aberrant walrus are tlicy absent in the lower jaw ; but this is compensated by the sin- 
gular excjoss of development which they manifest in tho upper jaw (Kig. 18) . In the xnnni- 
gradc, as in the jdantigrade, family of carnivores, wc find the te(5th which correspond to 
true molars more numerous than in the digitigrade species, and even occasionally rising* 
to the typical number, three on each side ; but this, in the seals, is manifested in the 
uppt'r, and not, as in the bears, in the lower jaw. Tho cntii’c molar series usually 
includes five, rarely six tcctli on each bide of the upper jaM", and five on each siile of 
the lower jaw, with crowns, which vary little in size or form in the same individual ; 
they tiro supported in some genera, as the eared seals {piarm)y and elephant seals (n/sfo- 
phora)^ by a single fang ; in other genera by two/angs, which aro usually connate in 
first or second teeth ; the fang or fangs of both incisors, canines and molars, arc always 
r(‘markable for their thickness, wi!ich commonly surpasses the longest diamoter of the 
croW. The crowns arc most commonly compressed, conical, more or less pointed ; 
in a few of the largest species they aro simple and obtuse, and jiai-tieularly so in 
the walrus, in wliich the molar teeth arc reduciMl to a smaller number than in the true 
seals. In these tho line of demarcatifoi between the true {fflj false molars is tery 
indefinitely iudicatcci Uy Varactors of form or positioi^; but, aewrding to the instances 
in which a dccjduous dentition has been observed, llie first three permanent molars in 
both jaws succeed gnd displace tho same numl>cr of milk molars, and are consequently 
pmmlars ; occasionally, in the scals^v^th two-rootca molars, the nforc simple character 
of the premolar teeth is manifested by their fangs being cofiifote, and in the Stenor- 
hynchus serndenti the more complex character of th^ true moltrs is manifested in the 
crown. In the StenorJiynchm leptonyx each molar tooth in b(^ jaws is triloCed, the ante- 
rior and posterior accessory curving towards the principal one, which is bent slightly 
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bacinvards; all tho divieious oro Bb#i^-pointcd, and tlio crown of each molar thus 
resembles tho trident or fishing-spoar ; tho two liings of tlio first nydar in both jaws arc 
connatp. In tho Stemiihynckm m'ridens^o^lihTw anterior molars on each side of both 
♦j jaws are four-loVed, there being ojlo antenov and two posterior aecessorj’^ lobes ; the 
remaining po Verier molars (true molars) are five-lobod, tho prinbipal cusp having one 
fimiill lobe in front, and tliree devi'lopod from ^s ))ostoi’ior margin ; tho summits of tlio 
lobes are obtuse, and tho posterior oik's are ^ecllr^'od like the principal lote. Sometimes 
^ the third molar bedow has three instead of two posterior aoccssoiy lobes. Oeeasio&all!/, 
also, the scvjond, as Avofi as*iho first molar jufjovo, has its fangs connate : but tho cssim- 
i tially duplex nature of*lh(5*ar!emiiigly siiiglc f sng, whiAi is UTilailingly mnnifested w'itbiu 

by the dtTiible piilp-favity, is JilwS^’s outwardly indioiited by llu; niv'diim longitudinal 
opposite indfiitatiojis of the implanted base. r , 

Tadtlmf Quafixun^na. — The chief aim of eomparative anatomy being the 
*< .b^'tter eomiu’clu'ut’ion of tlv? structure of man, we shfell timiily describe tliose njodifiosj- 
Ijous of the (lenti^ syst^mi which throw niorc' immediate light on tlie nature of Uie 
t(W? in the uipnan .sul)jo('t, and w'hich*'np (i ni"t 'with, as might b(' expetd-cd, in the or<b']* 
{Qmdrumf^ift) of mamfihflia that mub's t^ie nearest approach to that represented by the 
genus ho}^o. ^ ♦ 

Tlmnigli a eousiderabh* pmt ortluMpiadninnnon,# series, e. y., in all the apes and 
monkiys of tho Old World, in all the genera int!(»ed which are above the lemurs (cat- 
inonkcj's and slow monkeys) of .Madagascar, the l ame number and kinds of toetJi are 
pnjsent as in man ; the first Mrhfiion Ix'ing the disproportionate size of the canines 
and the e<ine^a»ilant break or “ diastema” in tlio denied series for the reteplioii 
of their crowns^ when iIIk' mouth i.s shut. I'liis is manifc.sled in borh ibe ehim- 
paazocs and orangs, together with a sexiud differenccj in the proimrtions of the ranine 
tooth. 

In that lai'go ape of tropi< al Africa, called tin* gmilla” {TroghdyhfiSjorilla)^ which 
*'in some important partietilais more resemhles man than doea tlie smaller kind of chim- 
jianBco {TraylodyteB tin* dentition .^eems to appi*oach nearer to the carnivoroua 

typo, at least in the full-grown iiialt* (see Fig. 50, p. 261). It is novci'thel(*ss strictly 
rpisRJrumanous in its essential charjMjtci’s, as in the broml, flat, tuberenlato grinding 
surfaces of the molar tectli ; but in tin* minor jiariiculars in which it differs from the 
dentition of the orang, it approaches nearer tin* hunnm typo. 1 n the upptjr jaw tlio ihiddle 
incisors are smaller, the latcirtd ono<| larger than those of the orang j they arc thus more* 
* n€«rly oq^aal to ca(‘h otlior; nevoilliele.s.s the prc»portional superiority of the middle pair 
is much greater than in man, and the proportional size of the four incisors both to tho 
cntii'o skull and to tlio other te jth is greater. Eaeh iueisoi- lias a prominent posterior 
liftsal ridg(', and^tho outer angle of the lateral incisors, i 2, is i-ounded off as in tho 
orang. The ificisors inelinc forward.s from the vertical line as much as in tlio great 
oraftg. The characteyi?llics of the liniiian meisfirs are, in addition to their true incisive 
we<lge4ike form, tlieii* noai’ cqu^ity of size, thoii* vertical orncarJy vertical position, 
and small relative size to tlie ofher teeth and to lh(* entire skull. The diastema, between 
tho incisors and tin*, canine on each .side, is as ■well marked in tho ^aialc chimpanzee as 
in the ^ale orang. The crown of the canine////.), passing outside the interspace 
between the lower eaiftne and premolar, extends, in the miilo Troyfodytei* gmiUa^ a little 
bdoy the al'^lar border ^ f the ifnder jaw when the mouth is shut : the canines in 
both jaws are twice the siza of tliosc teeth in the female gorilla. 

• ^ 5<*th promolars are bicuspid ; the outer cusp of the first and the inner cusp of the 
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secontl being the lai’gest, and tlio first promolar •ooAsoqucntly appearing the largest on 
an external 'view. Who anterior external angle of the first prcmolar is not proiluiicd as 
in the orang, 'which in tliii inspect maljjps a nt&rkod approach t» the lower qua^rntmaua. 
In man, 'where the oijjtcr curve of the prcmolar part of the dental serk's is greater tlian 
the inner one, the outer cusps of both preraolars aro the largest ; the altemfiting supe- 
riority of size in th(' thampanzee aeeort^ vith tho straight line whuh llio canine and 
pi'emolars fonfl 'will» Ihe tnie molai'.s. 

three true molars aro (^uadricuspid, relatively larger in comparison with llie 
bicuspids than in tho orung. %he fitst and second mofars of both si>e(iics oi’ 
ebimpanzee a low ridgo (lonucets the anhTo-interlial wi^i Ihe ^ostero-cxtornal en'jp, 
(Tossing the orown obliquely, ns in man. There is (Pfgeble indication of the same ridgt 
in the unworn molars of the oram’: ;»hftt th('^ four prineipjil eiisps^art' mnch»l(iss distinct, 
and the wholes grinding sur&ee is fl itter and more MTiukle|l than in tho chimpanzee. 
The repetition of tho .strong si Jiioid curvi’s, which the iwi'worn prominences of iimm 
first and sotvmd tiau* molars present in man, .is a vciy sigirifieant iu^liciilion of thcjijm' 
afTiiiity of the gorilla and the chimiianzee, as Compared with the a]>yi*oagh made liy the 
orarigs or any of the inferior qmdrunmuif^ in which the four eflsps of thegtruo nu»liirs 
rise disliuet and independently of oath •fchor. The premolurs as well as molars arc 
.Sf'verally inqdunted by one int(jinal jjnd t'wo external fang?, divergiur, hut eiu-ving 
towards (saeli otluT at tluur ends as if grasping the suhslanee of tho jaw. In no varic'ty 
of the human species arc tho premolaT*s nonnally inndanted hy thn^' fangs ; at most 
the root i.4 bifid, and tho outer and inner divisions of ll?i‘ root ari' commonly commti'. 
It is only in the black vaiictios, and more paiticulaily that j^aco mha)j%ing Australia, 
that T hav(' found tlu; wisdom toijtli, or last tiue molar, with t3u‘C(‘ f»iigs as a g;ino)’al 
rule ; aiid the two outer one.s are more orb».s.s confluent. 

Iho^nolar scries in both .spc'cii's of chimianzee foims a sfraigbl Ibu', with a sh'ght 
tendency in t5u^ upper jaw to houd iu tlie oxiposito direction to tho Avell-markcd eurvi’ 
whi(di the same scadcs dosc-ribes in the human subj(*ct. This difrcniiiec of arrange-* 
nu’iit, vdth tho more (’omplex iuixdantgtion of the promolars, tin* proportionally largei' 
size of the incisors os eoniiiared with tho molarIR; the still grt'ater relative mngnitmh* 
of the caninc.s ; and, ahovi' all, tho sc.vual distinction in that resj^eet illustrated bf the 
skull of the full-gr<)Wn mule gorilla (I'dg, -50, p. 261), stamx) the cliimi>anzccs most 
decisively with not mondy spoeifio hut generic di.slinctivc characters as compared with 
man. For tho tfictli are fashioned in their arid proportions iii flic (huh 

recesses of their closed formative ^ilvooli, and do not come into tho spliero of opernfion 
of .external modifying eausos, until tho full size of the crowns has heeir acquired. 
The formidable naiiiral weapons, with which the Creator ha.s armed the ])ow(Tful 
males of both Biieeics of chiTiipanzee, fosm the compensation for ihe want of tflat 
])sychii^aJ capacity to forge destruetiv(' instruments 'wdiicb has been fesci^od as tlu' 
exclusive prerogatu'q^f «ttian. Both Aiimpanzer.s and orangs*^ifler from the human 
subject in the order of the dcvelopmc'nt of the permftq^ut seritfs of teeth ; the .seiN-jiid 
molar, m 2, eofhos into jda^iie befon? either of tho promolars has f?ut the gum, and the 
last molar, m 3, is Required before the canine. may 'well snnposo that tluj larger 
grinders are earlier re<xuirod l»y tlfc •frugivoroiis chimpanzecjjS and omngs tliq|i by the 
liighcr organized oiiuiivorous specie.? with more numerous ami varied resources, and 
probably one main condition of the earlier development of l^e canines an j iwemokirs in 
man may he their smaller relative size. • 

In the South American quadrumana the ntunber of teeth is increased to thirtjr-sijp, 
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by an addition of one tooth to thclhio^ar series on each side of both jaws. It might be 
concluded, d priori.^ that as three is the typical number of true mClars in the placental 
mamnydia with two sets of teeth, the additional^ tooth in the would be a prcmolar, 
and form one step to the resumption of the normal number (fourj of that kind of teeth. 
'Ihe proof of the accuracy of this inference is given by the state of the dentition in any 
young spider-monkey {Ateles), or Capucin-mqf.koy {Cebus), which may coiTCS])ond with 
that of the human child in Fig, 2G, t. <?., where the whole of the dDcidubus dentition is 
retained, together with the first true molar (tn 1 ) on each side of both jaws. If the 
germs of the otlicr teeth of the permanent scri(fe b^ exposed in the upper jaw (as in 
Fig. 26), the crown of a pfeu^olar will be found above the third molar in place, as well 
as above the second and first. Asf Guards number, therefore, the molar series, in the South 
American monkeys {Mj/cefes^ Aielesj Cebm), is ifitcLTmediatc between that of the genus 
MuHiela and of JPdk ^Fig. ^ 7 ) ; the little promolar, p in Mustcla^ shows plainly enough 
■!s«^ich of the four is wanting to complete the typicat number in the South American 
^jjjo^ey, and which is the additional prcmolar distinguishing its dental formula from 
thafhf the Old W^rld monkeys and mad. * 

Zoologipts have rightly stated, as a matteV of fact, that the little marmoset monkeys 
{Jlapalcy ihiistiti) “ have only the same'nuiinbc/ of ^teeth as the monkeys of the Old 

World— viz., 32, i e J — J, m ~ I** But thd difference is much greater than tins 
4 1—1 O — O 

numerical conformity would intimate. Tn a young Jacchtifi penicillatus T find that there 
are throe deciduous molars dilplaced by three prcmolars, as in the other South Am(‘rican 
(luadrumona, /find that i^ is the last true molai*, m 3, the development of which is 
suppressed, not* the premolar, 2 , and thus these diminutive squirrel-like monkeys 
actually differ from the Old World foiins more than the Gebidcc do ; i. e., they differ not 

only in having four teeth {p 2 which the monkeys of the Old World do not 

1 1 

possess, but also by wanting four teeth {m 3 . — r), which those monkeys, as well as 

the Ccbitltpj actually have. It is thus .that the investigation of the exact homologies of 
parfis leads to a recognition of the true characters indicative of zoological affinity. 

g ^ g g 

Most of the Lemurinm have p . — m — 5 , together with remarkable modifications 
3 — 3 O' — o 


of their incisive and canine teeth, c f which an extreme example is sliown in the pecti- 
t ^ nated tootli of the galeopithecus. The inferior inejsors slope forwards in all, and the 
• canines aRo, which are contiguous to them, and vc^ similar in shape. 

In the hoofed quadrupeds with toes in uneven number {pfrmodactyla)^ whose 
pit'molars, for thq most part, repeat both thei^form and the comijlox structure of the Uaie 
molars, such ^remolors ore distinguished by the same character of development as 
thoia of the artiodaetpUj or ungulates, with t(fes in even i uimT | ^r : although hero the 1 
promolars are distingfiished als* by modifications of size and sliape. The complex | 
ridged and tuberculate crowns of the second, third, and ^urth grinders of the rhino- | 
ceros, hyrax, and horse, no more pupve them to be true molars than^the trenchant shape 
of the Ipwer camassials ^of thq lion proves them ta be false moliffs. It is by develop- 
ment alone that the pr&nary division of the series of grinding teeth can be established, 
and that character 6 nl]f can thb homologies of each individual tooth be determined, 
and its propa' symbol applied to it. 

» ^ Ip ^g. 20 , the three posterior teeth of the almost uniform gi-inding series of the 
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horse’s dentition are thus proved to be the on||r ones entitled to the name of “ true 
molars;” and, if an|r one should doubt the certainty of tlic mle of counting, by 
which the symbols, jo 4, 3, and p 2, are applied to the thre^ large anterior gj*ind- 

ing teetli {ib.), which are connuonly they only i»rcmolars present in egcli lat(,Taf Bcri(‘s 
of the horse’s jaws, yfft the occasional retention of the diminutive tooth {p 1), would 
catablisli its accuracy, whether such tejth be regarded as the first of ilio deciduoTH 
scries unusually loi^ retained, or the unusually small and speedily lost successor (pi) 
of an«abortivc (dl). 

The law of development, so bcai^tiful for its instructivftnoSh and constancy in the 
placental diphyodonts^ is well illuArated in the littlahyrax, iip which tlie d 1 is normally 
developed and succeeded hy a permanent, p 1, diSrerii% fro^ tlic rest only by a graduated 
inferiority of size, which, in regard tg the last premolar,*cea8es to be a distinction between 
it and the first true molar. ^ • 

The elephant, which by its digital characters belongs tg the odd-toed, or 
dactyle, group of pachyd<*mi8, also resembles them in the close agijcment in form and 
structure of the grinding^eeth representing tlxp •[ircmolars, with those that aiisvtt ^ 
the tnic molars of the hyrax, tapir, and Rhinoceros. The# giglintic jjroboscidiaji 
pachyderms of Asia and Africa presonit, h<jk^’’evcr, so many peculiarities of structure us 
to have led to their being located In a particular family in the Systematic Mammalogies. 
And tliis seems to be justified by no* character more than by the singular seeming 
exception which they present to the diphyodont rule which governs the dentition of 
other hoofed quadrupeds. In fact, the elephant, like ttf dugong, slicds and replaces 
vertically only its incisors, wliich are also two in number, very lon^ and of con- 
stant growtji, forming tusks, with an analogous sexual (fiftcrenc(^ ^in this respee-t 
in the female of the Asiatic species. Tlie molars, also, arc successively lost, aio 
not vciiicully r<‘placod, and arc reduced finally to one on each side of both jaws, 
which is lai^r than any of its predecessors. Thcjsc' aualogios are interesting and 
suggestive in connection with the other ai)proxiinations in the “ Sirenia” to tlie# 
pachydcrmal type. ^ 

In the mammalian orders with two sets of tc^h, llicso organs acquire fixed indivi- 
dual characters, receive special denominations, and can he determined from spcciiis to 
species. This individualization of the teeth is cininciitly significative of the liigh 
grad* of organization of the animals manifesting it. Originally, indeed, the nam(‘ 
‘‘incisors,” “laniaries” or “canines,” and “mqjars” were given to the teeth, in 
man and certain mammals, as in reptiles, in reference merely to the sljape and 
offices so indicated^ but they afe now used as arbitrarj’^ signs, in a wore fixed 
and determinate s^sc. In some carnivora, y., the front teeth have broad 
tuberculatc summits, adapted for nippii^ and bruising, while the princijjal baek 
teeth are shaped for cutting, and work upon each other like the iSudes qf scissors. 
The firont teeth in the ^elephant prflect from tho upper in the form, size, 
and direction of fon^ pointed honis. In short, ,shapc and size arc the least 
constant of dental characters in tho mammalia; afid the homologous teeth arc; 
determined, like other ports, by their relative i)os^on, by their connections, and by 
their development. * , • 

Those teeth whic]^ arc implanted in the premaxillary bones, *alkd in the corresponding 
part of the lower jaw, are called “incisors,” wliatevef bo thair shape or size. The tooth 
in the maxillary bone, which is situated at, or near to, the i^gture with tho f>remax3lai’y, 
is the “ canine,” as is also that tooth in the lower jaw which, in opposing it, passes in 
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ijiiilars, d % d 3, and «?4 ; the second molar, m *2, has just bc^jun to cut the gum ; p 2, 
p 3, and p 4, together with m 3, are more or less incomplete, and con<Kale(J’ in Ihcii- 
I fclosotl alveoli. 

The pri'inolars must displace deciduous molars in order to rise into place ; the molars 
have no such relations. It will he ohi»erved tHat the last deciduous molar, d 4, has tli(‘ 
same relath'c superiority of si/e to% 3 and d 2 which m 3 bears to in 2 and m 1 ; and 
tbc crowns of 3 and jo 4 are of a more simple form than those of the milk-teeth which 
they are destined to succeed. *’ 

The germ of the pennanont canine has not yet appeared below' the deciduous one, v ; 
those of the permanent incisors, 1 1, *2, *3, ore seen ready toimsh out the docidnous 
incisors 1, d%dZ, When the whole of the secoif 1 set of teeth is in place, its nature 
, , , ^ , .3-3 1-1 4-4 3-3 . 

is indicated by the formula : — « which signifies that 

there arc, on eack side of both ni>pcr and ‘lowmr jaws, three incisors, one camno, fom 
prcsnolars, and throe j^lars, making in aU fort^-four teeth j each distinguished by the 
symbol marked in tlioicut. ^ * 

When the i)romolars and^e molars arc below their typical nut^ber, tMb absent 
teeth arc missing from the fore nart of the premolar scries, and isom the back paH of 
the molar series. The most oon^ant teeth arp Jjhc fourth proaiolor and the first true 
molar ; and, these b(#n% known by their order and mode of development^ the homo- 
logies of the remainiag midars and promolars arc determined by counting the molai's 
from befbrclbackwards, “ one,” “ two,*' « three,” and the premolars firam behind 
forwards, “four," “throe/* “two,” “one.” 



HOMOLOGIES OF TpB HUMAN TEETH. 


303 


Examples of the typical dentition arc exceptions in the actual creation ; hut it was 
the rule in the fonHs of mammalia first introduced into this ])lanct ; and that, toi^, 
whether the teeth were ini>dificd for anjmal of vegetable food. » , 

With regard to tli^ human dentition, the discovery by the great ^ct Ooethc' of the 
limits of the premaxillary bone in man, leads to the determination of the iueisors, which 

I arc reduced to two on each side 

^ 26. ’ ^ of both jaws ; the contiguous 

Di:Cli>UOUS A>’1> rKHMANR-NT TKETII, XTUMAW, JKT.»7. uhoilt six yCMS of agt. Tho tWO 

• incisors on each side, <7, t, are fol- 

lowed by a canine, c, and this three iiiolai’ teeth lilvc those of tlio adult; in 
fact? the last of the three, m, is tlic first of the permanent molars ; it has pushed 
through the gum, like tlic tAV(» molars which arc in advance of it, witliout dis- 
placing any pr('viouf' tooth, and Iho substance o^ the jaw contains no g(irin of any 4 
tooth destined to displace it ; if is, therefore, by this cliaractei' of its dc;jx'lopment, 
a 'true molar, anrf the germs of the permanent t(?cth, which arc exposed in the 
substance of the jaw, bctw'ccn the diverging fangs of the molais, d 3 and d 4, pr^ve 
those molars to be temporary, destined tb be replaced, and prove that the teeth 
about to displace them are premolars. • According, therefore, ^ the rule ijrcviouslx laid 
doAvn, we count tfie jJtrmanent molar in place as the first of Js series, m 1, and lh(* 
adjoining preipolar as the last of its series, and consc(juently the fourth of the tj'pieal 
dentition, orj? 4. ^ 

Wo are thus cnalded, with the same scientific ^‘riainty as that whereby we rcccjg- 
nisc in the middle toe of the foot the homologue of that grenlii digit which fbnns the 
whole foot and is incased by the hoof of the horse, to poipl to p 4, or the second 
hi(}uspid in the upper jaw, and to m 1, or the first molar the lower j#w, of ifian, as 
the homologues of the great camasaial, or flesh-cutting, teeth of the lion (Fig. 17). We 
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also conclude that the teeth which are winting in man to complete the typical molar series 
are the first and second prcmolars, the homologucs of those marked p and 2 , in the hog. 
The characteristic shoi^ening of the moKillary bones r^qui^d this diminution of the 
number of their tqcth, as well as their size, and W the canines more especially ; and the 
still greater curtailment of the premaxillary bone is attended with a diminished number, 
and an altered position of the incisors. ^ 

The homologous teeth being thus dctcrntinable, tlicy may be i^'vcraKy signified by 
a symbol as well as by a name. The incisors, c. y., are here represented by thei*/ ini- 
tial lettcu*, iy and individually by an added •>numlier, i 1, % 2, and i 3; the canines by 
the letter, /?; the jn'erAolaA W thc«letjer, and ttfe molars by the letter, these 
also being\lifferciitiaf^3d by ad?lod^ if.iiuerals. "Jhus the number of those teeth, on each 
side of both jpws, in any given species— man, c. y.-*may be expressed by the following 
‘ 2 1 1 2 2 3 3 

brief formula : — * — c , p — — - j m ^ — 5 =32 and the homologies of the typical 

■“ i#— I A— — Z o— -o • 

^•m ula may bo signified by t 1 , t 2 ; c ; i>, 3 , j? 4 ; m 1 , m 2 , m 3 ; the suppressed toctli 
b3!ig i 3, p 1, ^d^ 2. • ® . * 

These? spubols, it i^ hoped, are so plaifl atfd simple as to have formed no obstacle 
to the fiifl. and easy comprehension of iftets explained by means of tbem. 
If these facts, in the manifj^d diversities of mafhmalian dentition, were to he 
l^fflc^ed in the ordinary way, by means of verbal jihrases or definitions of the 
**the sc( 3 ond deciduous molar, representing tlic fourth in the t 3 ri>ical 
of d 4, andF on— the description would occupy much space, and 

tax upon the attention and memory as must tend to enfeeble llie 
judg^^^^Hpipair the power of seizing and appreciating the results of the eoni- 
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Eac^Hhr's experience strengthens my conviction that the rapid and ^success- 
ful progMC^f the knowledge of animal structures, and of the generalisations dedu- 
tihlc thereWra, will he mainly influenced -by the determination of the nature 
or homology of the parts, and by the concoqiitant power of condensing the pro- 
positions relating to them, and of at 1 i|fbhing to them signs or symbols equivalent to 
thoii* single substantive names. In my w’^ork on the ‘‘Archctjqie of the Skeleton,*’ 
I have denoted most of tlic hones by simple numerals, which, if generally adopted, 
might take the place of names ; and all the propositions respecting the centrum of the 
occipital vertebra might be i)rcdicatcd of the figure “ 1 ” as intelligibly as of “ basi- 
occipital.** # 

The sj^nbols of the tcotli arc fewer, arc easily understood and j emembere d, render 
unnecessary the endless repetition of the verbal definitions of tjie parts, haimonizc 
cofiflicting synonjjms, servo as a universal language, and exprc.s 8 the authoi‘’s meaning 
in the fovvast aAd clearest terms. The entomologist has long found the advantage of 
suchTsigns as ^ and ft,*lignifying male and feiftolc, and thojik^ and it is time tlmt 
the anatomist should a'fb.il himseV of this powerful instrument 01 thought, instruction, 
and discovery, from which the chemist, the astronomer, apd the mathematician have 
obtained such important results. ^ « 

RICHARD OWEX. 












Geneva! Introduction. — is oompotiiidod of two (ircok words, 
latter of wliirh scarcely rociuires cxidanation, bccaiiso it already forms x)art of 


nuinciDus tdass of coinx)ouiids with ^hich tho loamod reader is wcdl acquainted. 
The general reader, too, is pcriiaps equally familiar with them. Wo Iiavc thorn 
in such words a.s Gteo-%y, Astro-%y, Pliysio-%y, and a long list besides. •I’ho 


Greek form of these would be Geo-/oyiw, Astro-%itV, &e. The basis of tho •term 
is tfic substantive logos, meaning a ivord. In its modified form, ho^^’c^'el^ and 
in its application as tlio elomcnt of a coinpouncl word, it means the prinriphs, or ^ 
scimer, of the department (whatever it may be) that is denoted by tho root which 
precedes it. In tSie word before' us^t means the principles of that deiJurtinentTf human 
knowledge which is denoted by the forai Eihm. 

This is a word whicli we also have ajnongst us, tliough modidpd both 
and sense. It is the root of tho word heathen, Tho original meaning is 

nation i so that the wrovd. Jieathcn takcl its moaning as a tdfW for rogm, ii|»ilfthc 
same principle thal the w'ord Gentile, amongst tho Joivs, sorvofFto express, in the first ] 
X>lacc, a differeijce of mtimalitg ; in the second^ a diilcrcnce of creed. 

Ill the wal’d B^mloyy, Tiowcver, the first element api^oars in a form inoi’C closely 
approaching the original ; and also,*uv ^ sense less remote from its proper signi^cation, 
Ethnology means the^ science, not exactly of the different natiMis of the world, but of 
tho different varieties of the human species, * 5 * • • 

E\\mo-graphy is a similar derivation, the second element being tlic same as in Geo- 


g'^'aphy, 

— y 
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It would bo convenient if these tl^o comp^Jimds had thoir separate significations 
more strictly dofincjd than they have them. G&o^graphy means q^o thing — Geo-%y 
another^ and the two.awi never eonfoundfed. AVith Ethno-foi'y and Ethno-yr^jjoAy this 
* is not the case. ^Hofmoiiunrs, indeed, a writer denotes bj- the latter term the strictly 
descriptive part of his subject, by th,© latter philosophy (so to say) of it. But tliis 
distinction cannot always be observed ; so thq^, taking language as we find it, wv arc 
! not fai* wrong if vro consider* the tyo w'ords as synonyms; eynopyms •which,, in the 
« progress of the science, pro Jikely to Ibh oonverted into distinctive terms, but whijQib*>ar(*, 
at present, used so loosely jas to be nearly Atcrehangoablc. Of the two, EthmailQgy is 
tho comtn^per. ^ ** • * 

Ho one who ihiui *80011 a ncgfo^n^ one, even, who has.fallon in with a gang of 
gipstes-^eef doijdJt the moaning of the teftn* Varieties of the ITuiimn Speoies, If 
any conaidieraticm he ex<^t«il in his mind at all, it must bo that of the fiset of man 
''^TBlRrring from man to an <%tent sufficient to develop special dcpaitDifint>of scientific 
jiiiqujjy. Wliy thia difference hetwooj the gil>sy and ourseljM;he native Englishman 
Wliy tho still greater difTi'rcncc l)ctwoan*^urself and the^nagrft In these three names 
wo have three varieties, if w(j go no tethfir. . But we iww go further ; counting j|ho 
changes Ik fonri and eolow, not by thiyes,d>iit%y thirties-^ot by units, .but by tons 
and hundreds. The Indian may bo as black as ^o negro, but ho has no such crisp and 
curly hair, no such thickened lips, (often) no smdi height of stature. He is liker, per- 
chance, to tho gi^y ; at an^ rate he is the iustanee of another variety. Then there 
is the Chinese, different from both, and the Eskimo, and the Laplander, different from 
tho Chinese, though, ncsyrtheloss, in his breadth of faei‘, and scajitiness of beard, not 
altogether unlilrt) him. Tho Amorican Indian gives us a fresh type, tho Australian 
another, anti so on Uiroiighout the whole inhabited world ; change, difference, likeness ; 
shapes the same, but colour diflcrimt ; colour like, l)ut shapes varied ; colour qnd shape 
^agreeing, but stature differing. The investigation of these matters is* Ethnology — 
ethnos (fis aforesaid) meaning not so much a nation as a variety. 

The differences that dtitcrmiuo these varitdivri are of two kinds — physical or mental. 
Tho fonner were suggested when we spoke of hair, colour, and stature ; tho latter 
rcquu’e a different kind of study — a different train of investigation. We see how a 
bla(‘k differs from a white, and we pcrcrivc it even when wo get beyond the palpable and 
unmisttikahlc differmicc of colour. The texture of the hair differs as well as its hue, — 

, a matter of which simple inspcctioi informs us. But simple insiiection will not tell us 
that the nogro is a man of different ideas, habits, y;ligious belief, and social organiza- 
tion ; that his history has boon unhrightened by great names ,in literature, art, or 
science ; that his language is not onl}' different from our own, bijjt if alliod to it, allied 
most remotely and indirectly. To know these things, we must have a certain amount 
I of sujqmi^d mformation, based upon geograjjhy, based upon history, based upon 
I philology, or tho kiffiwlcdgo of language and languages^ Som\ book4caniing, in 
short, is necessary ; in other jrerds, the ethnologist has to read' as well as to observe. 
At the same time, the best observer will make the soundrst and sofcait teacher. Ibis 
is because, though there is much in common between Ethnology and civil lustory, 
there is more in coipipon botwceli Ethnology# aud natural hffltory. The method by 
which the geologist argues hack from effect to cause, and so the existing state 
of things rioonstruets a former world, is eminently Ihc method of tho ethnologist. 
" Physical Archroology,^’ Writes Dr. Prichard, ** includes both Geology and Ethnology. 
4rh» former is the orchoeology of the globe, the latter that of its human iuhabitante. 
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Both derive a part of their materials trom diflfelent divisions of natural histoiy. But 
Etlmolo}^, as I hajrc remarked, obtains rewnirces for the history of nations and of 
mankind from many otlici quarters. It derives information fi^m the woiks of*ani ient , 
historians, and still jjioro from tho study of languages and thcii’ affiliations. The his- 
tory of language.?, indeed, greatly extended as it has been in late times, has furnished 
unexpected rosoui’ccs for the improvomci.t^of Ethnology .’J 

^ Languagcj*(suy ilie lan^iagc of tho negro) is » mental manifestation, and so is tho 
(jiviltS?ation rcpvciseutod by his history, and eaeh must be attended to as much a.s points • 
of physical organization. The cajefiil ethijologist neglects n^ith<y scries of phenoim'ua; 

BO that philology and histoiy go side hy side fitfi ^mtdi ^iher, and also along with th(j 
differences of corporeal strueturc. AVhat manner ofalaiiguage dbes he speak ? Who 
else speaks languages of the same clhsf Arc those languages oigsely or iTsmotdy eon- 
noctod What is the character of his civilization r ITiiHer what conditions has it 
been dovcloj)Gd ? Favourable or unfavourable ? If unfavourable, has thm; becji any ' 
natural inaptitude for certain forms of prog:it5S|.j-any inlioront iiiciQuieity for dewilop* 
ment ? What have boeif the physical eonej^tions of the aroa^lo svhiPh such a tribe 
belongs ? — what tho animal and . v^tablc products ? — wliat the oppoftunities of 
intercourse with other population^? • • 

The.so, and their like, arc the questions that arise even at the vtu’}' onset of our 
ethnological career. They will not be enlarged upon at i>roscnt — still lc.ss will they lie 
answered. The only object with wiiich, at tho present s^ge of our inquiries, they are 
brought forward, is that of illusl rating the scope and ohuracjtor of a department of 
knowledge which is one amongst the latest to have taken its Aikj ))lace and form in the 
circle of science; a new study, with a name of no great antiquity. * More lias to b(5 
said about it, both in rcsiicct to its mi'-thods of investigation and its relation to the othtu* 
branchi's sff knowledge ; but this will be better <lonc wb(;n a (Certain amount of details 
has been gone through. The best explanation of the character of a st icnco is U) bo# 
found in the w’orking of it, 

In dealing with tho diffenait varieties of the human species, according to the dif- 
ferent classes under which they are arranged, it is better to begin with the old wcgld, 
rather than the new, and with Asia rather than Africa or Europe. Of the Asmtic 
population the central and south -easteni should be taken first. There is a reason foi* 
this in the structure of their bodies ; there is a reason also in the structure of their 
languages. * 

Bo^ly Stmctuxe. — Tlie counidcration of tho head and face is suffieicu^; but of 
thosp wo must remember tliat wo take the bony parts as well as the soft. Wo must do 
more than this ; we must give great importance to the form of the skull. It is upojj^ 
this that some of our chief classifications hawcbccn based; for the skulTis Jhe receptacle 
of the brain, and the brain is tho orga^ wherein the human sppeics most diners frpm 
others. Now, one of the m»st extreme forms of skull is refcrablejx) those same central 
and south-eastern parts of Asia. It is the skull of tlitf Mongolian of the northern and 
north-western frftntirr of Chkia. Let us make a few preliminary observations ; tiuy 
wnll save some detaits of description. Th(i distancc^ctweon the two parietal bones of 
the cranium is tho parietal diameter*; that between the forehtsi^ and the oeeijput tlic 
occipito-frontali Or — • • , 

Changing our expi’ession for one less tcchnicjil, wo my say that cvrty hoaiThas 
a sido-to-side diameter, when measured from the parts above cacdi ear ; and a fon;- 

and^aft diameter when measured from the forehead to the back of the head. • * 

• - --- — 
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Thc) former of these same diameters is the parietal (or inter-parietal), the latter 
the occipito-irontBl. The former gives breadth, thc latter length, *io the head. 

The fore-and-jift didmetcr is the longest— ip nine cases out of ten, in nine hundred 
and hinety-nine out of a thousand ; in a greater proportion stjll. Indeed, a head as 
broad as it is long is exceptional even amongst the broad-headed populations. But thc 
diifercnco between tlic diameters is very varied. When it is more than itvo inches, the 
skull is long-headed ; when less thasi o«e, short-headed. This is a /-ouglfway of stating 
an important difference. » 

Tlien thc molar (<;heck) bones may be x>\omiii?^nt ; the zygoma, top, (the bone that 
can bo fo?t through the skin foijrn a lidgo from tiie cheek-bone to the ear) may make 
a wide curve outwards. This J^vos breadth to the facc^ Or thc forehead may retire, 
which gives what is^^Allod a low facdal angle. *Oi* the upper jaw may slant forwards ; 
i_^^i^whioh case thc insertiofi. of the teeth will be not perpendicular^ but oblique^ This is 
being prognathic^ from the word forward, and gnathosy jaw. The op])osite to this is 
orthcgnathicy from *brthoSy upright. A^i^w*may bo so prognathic as to be almost a mu^le. 
To return Tto the central and south-eastern i>art8 of Asia,* and to thc Mongolian who 
occupies them. He is eminently — ^pre-eminently — short-headed, broad-skulled, and flat- 
faced ; so much so, that thc Mongolian eonfofhiation ^>f the head and face is a recognised 
term of Ethnology. Many populations arq characterizeil by it ; or if not, by 
approaches to it more or loss distant. Tlio parts, tlicn, in question sui)ply us with a 
tj’pc of one sort. ^ ^ 

Stnictuxe of liaagiiage. — ^I'hc language of thc Mongolian is not of the same 
extreme character as his*bodily stmcturc. Jt is neither remarkable for its development 
nor its want of development. But tlic Chinese, thc language in immediate contact 
with it, is remarkable. It is one of a class, wherein there are no cases to the nouns, no 
tenses to thc verbs, no declension, no conjugation, no inflection — no inflection, at least, 
after the fashion of the languages of Europe. Besides this, the 8ei>arate words consist, 
for thc most port, of single syllables. Hence it has been called monomfUabio — a term 
applied to the whole class. Now as Jthis is the simplest form of speech, the parts in 
wljich it occurs arc good parts to begin with. They Rui>ply us with a type in thc w'ay 
of ^language. 

GROTTP I. — Physiognomy: Mongol. — Language: Monosyllabic. — Area: Ladakh, 
Bultistan (or Little Tibet), Tioet, Nepal, Sikkim, Butan, Nortlieni India, Arakhan, 
thff Burmese. Empire, Siam, Cambojia, Cochifi-China, I'onkin, China, thc Islands 
of Andaman, Nicobar, Canucobur, Hainan, and thc Mergui AFchipclago. — Divisions : 

• TibctM (or Bhot), Siamese (or Thay), Bui-mcsc, I’cguan \oi Mon), Kambojian, 
ATvmitic (or Coohin-Chinese), ChiiiS*so — various tribes, imperfectly distributed, 

• and described g!» Sub-himalayan«J, Nagas, and Sifan -Mincopie (or Andaman 
Islanders), and ^icobariaf^. * 

• 

Thc most constant characters of this vast and important gi’oiip Ite in thc Btructurc 
of their numerous languages, an^ iu the conformation of thc -bOny parts of the head 
and fjee. In compl^sion there arc wide diffcAsribes. 'Hio colour, however, of the hair 
is uniformly dark. J^cithcr is there any broad separation botwt^n the taller and the 
sh^cr triBe.s in respoct«to stature. They are more under-sized than over-sized. Thc 
chief physical differences, as aforesaid, lie in the various tints of thc skin, Mark the 
w5rd phystealf because when we come to the consideration of their civilization, industry, 
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ond intellectual development, we shall find that certain moral and social diflfcrcnccs 
require notice, and tjiat these arc by no means inconsiderable. 

The lightest-coloured^ tribes of this class are the native^ of Cochin-China and 
Tonkin, who speak the AniAnitic lan^agc, and who arc not very, widely separated i 
from the true Chinese. These latter arc tawny, or parchment-coloured; tawny or 
parchment-coloured so as to leave no d^ubt as to the charachir of their hue. It is 
yellow — ^yello^ ratljer than cither brown 6r black, yellow rather than coi)pcr-colourcd, 
though this tinge is by no means unknown. In respect to tlic Anamese, it has been 
rcmaiked that they wear more cloliiing, aand expose the Itiodjr less than any of the * 
populations around them. He so. Yftt I ^doubt whctlfbr this gives us the true 
: reason for their comparative fairness. They lie bet#egn S mountqjn range arid the soa ; 

I oceujiants of a district 'wherein no «ast rivers form oHimol tracts, ai\^ where the 
i wooded slope of the mountain side replaces the swamps jjf Cafhbojia, Pegu, "and the 
I other countries in the same latitude. Now the former ate the conditions that 
: favour lightness of complexion ; just as the, latter determine a tci|^oncy to the colour 
of the ncgi'o. • • * ^ • 

The average height of the Cochin-CMnclb of the seaports ts low : a f|pt to which 
both Craufurd and Finlayson bear w'ifncs|. The former considers them to l^c lower in 
stature than any people of Ceiftrul (/tie) Asia; the latter compares them with the 
Chinese, but makes their average height something less. The upper extremities arc 
long, the lower short and stout, at least with the males ; who, if squat and somewhat 
ill-favoured in aspect, arc hardy and active. The \#tAien, on the other hand, are 
disproportionately fairer and handsomer than the men, for Jheir extropiitics arc well 
formed, and the carriage, even amongst the lower orders, is graceful. ,The form of the 
skull is more globular than square, the eyelids less turned than those of the Chinese. 
ITie raoqth is large, the lips more prominent than thick, the moustaeshe more abundant 
than the bcai’^, Craufuixl compares their features to those of the Malays, except that 
they bear none of the Malay expression of ferocity, but, on the contrary, exhibit gootk 
humour and cheerfulness. And this ^ems to be their character. The lower orders 
are eminently lively, talking and laughing as if •their government wore as satisfactory 
and agreeable as it is do8];K)tic and oppressive. The higher classes, however, are sokmn 
and ^decorous, after the manner of the Chinese. Their dress is that of the Chinese 
before they adopted that of their Mongol conquerors. It varies but Uttlo "with the sex, 
consisting, w'ith both men and 'women, of loose tyousers, and a loose fi'ock reaching 
half-way do'wn the thigh. The sleeves arc loose ; and when the wearer has no need to * 
labour, hang a foot pr foot and htSf over the fingers. The ankles and nee* only go 
bare. The hair is vpDm long, and put up in a knot at the back of the head : this, too, 
being the old and original Chinese practic^. A straw hat, which is ^sometimss in liic 
form of an inverted basin and sometimes like a sugar-loaf— which is o# grep.t brcadtli 
in the rim, and which is cgnstantly woA out-of-doors— is a gcATd fence against the^un. 
As to the materials of the clothing, they are generally silk or cotton— ofbencr silk than 
in any other country. Metallic ornaments are far rarer, as Tonkin is the only one of 
the three parts ofsthe Anamitic Empire where mineral wealth is abundant — or, at 
leasty the only one wBere it has beea yrorked to anf extent. 'Wliite is the c^lo^r of the 
national flag— whitg is the colour for mourning : but the toyal colotir is yellow 
or orange. * 1 * • 

The use of the cigar, and of the usual masticatories, if universal, except tlmt the ^ 
Gochin-Chinese does not add catechu to his mixture of betel, quicklime, and |ffeqp. 
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Neither do they go far in tlio way of oijnaincnital disfiguremont. Thcsre is no pride in an 
unduly small foot, as in China ; and no filing of the teeth, or onloi’g^mcnt of the cars, as 
among so many of tho At^lay tribes. . , 

■ The govemmoi^t is dcjspotic, and the punishifLonts cruol ; the religion is Buddhist, 
but latitudinarian, as in Cbina. There is little vitality in any of their venerational 
feelings, save and except those which are so emjjodiod in the respect shown towards the 
majm of their ancestors. ‘ ‘ ^ * 

Man^ago takes place later than in most of tho other parts of Asia ; for if tho tfich 

* sometimes marry at fiffeen* the poor often Rjmaiiii single till thii’tj^ The age of the 
female is from sovontcdSi to 'twen.tj'’, at higitt ill the lonf^er orders. In no country— our 
(»wii not ekoepted — ^i^thc datfof^tke inarnage more regulated by the ways and means 
of tho parties /lontractin^. A Cocihin-Chinesc mairries as soon as he can ; but his wife 
must bo furehased. Marrit^es are indissolublo ; but as polygamj'^ is habitual, the first 

i^ssi^has a ])rc-eminonC ‘0 over the others. Abortion is<^ commoner than infanticide, and 
q^yiolation of the li^ws of chastity amongst nmuanied women commoner than cither. 
AdultWy, howoycr, is an offence of the*glavcst nature, of which the Icgjil punishmciil, 
though ofteij coimiiuted*for milder penalticJfe, i»death. Without being jealously confined, 
as in the TJjirk and Persian parts of Asia, the ^Am&nitic women arc coarsely and often 
lyrutally treated. The infliction of coi-poreal punishmbnt on an offending wife jiasscs 
withotit comment, and as a niattor of course. * 

IjCss industrious than the Chinese, the Coehiii-Chino8(i are also loss ingenious. 
Their arts, however, arc tho^ f’uiuo in kind, though on a lower level of excellence. 
Begging is raiyi in (Cochin -China ; so is emigration ; so is highway robhery. A 
French gontlomap informed Mr. Oranfurd, n.s a proof of tho vigorous administiation of j 
Thas Kim, govc'mor of Kambojia, that ho reduced the number of capital tiials from 
300 per anftmn, to 3 or 4. 

The contrast to the Anomese must be sought in the Mincopio of tne Andaman 
Mands. These are called without qualification — by the few observers who 

have dcsciibed tliem. Nay more, they have boon ignored as mombea« of the class under 
notice, and boen placed amongst the Pa^jujis of New Guuioa, and tlio so-called Arufuras 
of tlm Indian Archipelago. Yet their language shows them to belong to the same 
division with tlid Buimcsc of tho opposite continent. 

These Andaman islanders arc mentioned as early as tho twelfth century, *. <■., by the 
two lifahometan travellers of llenaiujot. These write, that beyond tho Nicobar Islands 

* “ lies tho sea of Andaman, The people on this coast eat human flesh quite raw ; their 

complexioA is Mack, their hair frizzled, tlicir countcafanco and eyos^frightful ; thoir feet 
are very large, and almost a cubit in length, and they go quite n^cd. They have no 
cn^axkations ; if |hey had, they would dewour all tho passengers they could lay hands 
on.’' Ma^so Palo writes equally unfavourably— “ Angaman is a very largo island, not 
govetned by a king. 'EM! inhabitants are idolafbrs, and are a most brutish and savage 
moo, having heads, oyeft, and teeth resembling those of tho canine species. Their dis- 
posilions are emol; and' every ;^erson, not being of thoir pwn nation, whom, they can 
lay hands on, they kill and eah" « 

A pa^r, by Limitcoiant Colebrooke, is the chiff source of our knowledge conceming 
tho Minnie, the anthSr^boing indebted to his predocessom, Maj^r Kyd and Captain 
Blair, ^for some of his facts. He describes them as plunged in the grossest ignomnoo 
and hilarity ; bandy aoqute tiiem of the charge of caamibalism; and unhesitaringly 
aq|hiM that ^Ipdor of thae erews of sndi vesaeli as may be wvedmd upon: tbeior coast 
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TEXTURE AND COLOUR HAIR IN DIFFERENT RACES. , 

i» tHoir invariable habit The late Sir Charlo^Malcolxn, however^ vrho hod had one of 
the natives aboar^-shix) with him, took considerable pains to dilute the charges that 
thus lay against this ill-famed population, and spoke in strong terms as to tho gentleness 
and docility of the individunl with wliom ho thus came in contact. , • 

The Mincopie aA skillful in shooting fish with their arrows. They take, however, 
but litthj pains to cultivate the soil — feeding on*what they find or kill ; tlicy are fond 
of singing amd daneing ; ignorant of flie art of working in metal ; but not unskilful 
*iu the management of their canoes. These are hjllowed out of the trunks of trees by 
means of fire, or instruments of sto^<^ »:^metuuos they ilse Hfts of bimiboos. Thoir 
bow's are remarkably long. Hifhd-nets, avick^r-baskets, aifd a few specimens of pottery- 
ware have been seen amongst tlieni. • * ^ • 

The Mincopie of tlie Andainajjj k^hinda, and the Cocliin-Chincse, h^ve been dealt 
with more fully tlian will bo the case with any other mt^berf of tliis groif^, because 
they aro fair specimens of two acjxtreincs— of the daik-skymed as opposed to .fu»*j 
and of tho rude as oppr3sod to the refined. ^ ^ ^ 

Between the two, there is every shade o# futermediato colour. a gcneAl ride, 
however, the lower the sea level of a loaaliiiy, the more alluvial its soil, ai^d the moiatcr 
the character of its heat, the blac‘kot*the^mt of the inhabitants. ^ 

Tho Burmese grow daikcr dls the Valley of the Iraw'adi becomes broader and Hatter. 
Tho men of Pegu, who bold the delta* are darker than the Burmese. 

*The hair of these, as of till other families, must be viewed in rcispcct to two of its 
{•hara(.ters — ^its <5olou7- and its toxturi'. The colour wi#h those before us is the more 
uniform of the twro. it is what is ordinarily called black. We know xyhat this means ; 
hut we should also know tliat, in strict reality, there is no such thing jis absolutely black 
hair. A negro’s hair is black only when lh(i liglit falls straight upon it. When swm 


iji a c ross light, it has a red tinge— red, red-dish, or brown ; more red, however, than 
aught else. * As tlic black decreases, the colour becumcjs ehcstnnl, auburn, bright red, . 
sandy, flaxen, yellow, and white (so-called). However, therc^ is no such tiling as trilly 
black liair. The word means merely — ver^ dark. It wdll bc' used ; but it must bo 
uudorsU)od that this is its meaning. Now I litvc not found any notice of any members 
of the family having hair sufficiently red to be called other than black ; yet such « notice 
w'ould not surprise me. I cxi>cct it. For tribes closely allied to them I find the epi- 
IhAs reddUh applied more than once, ^J’his merely means that the red element has 
become pronounced enough in its clniracter to |trike the ordinary observer. So tlio 
hair wdth tho family imdcr ijornsideration is blacky a(icording to common pailancc. In 
texture it is straigjit, but not of the straightest and harshest kind. Therc^s an occa- 
sional approach to ^ wave, or curl. In this case writers call it cri»2)^ or wavtf — crittp^ if 
it be baid ; wavy, if fine, soft, and silky , • 

The crisper the hair, the more abundmt the beai’cl. As a general fulc, Jiowever, we 
arc to expect smooth, anjJ, comparati'fely speaking, bcardlesefl&w^es. • 

Tho eye is often set obliquely ; that is, tho outc* angle is ^’awn upwards. Some- 
times, in additiun to this, IJie upper eyelid hang.s heavy and tumid over the eyeball ; and 
sometimes the skm forms a crescentic fold between tho inner angle of the eye and 
nose ; as may be sdbn in individiiaht out of Chfiia^ and which is not unqpmmon in 
England. • * 

With the Chinese this is the moat remarkable.* In aom?, the pec^aiity jtjntirely 
disappears. But the superficial character of these distiajitions has been already sug- 
gested ; the bony parts being pretty constimt in charac ter througho^ the gtt>np» , 



312 


CIVILIZATION AND BARBARISM OF THE EAST. 


If the physical differences, when piyjpcrly valued, lie within nairow limits in the 
class before us, it is not the case with the moral ones. For with thpse we find strong 
contrasts ^without always,finding intermediate and transitional grades between them. 
<rho forms of barbarism arc numerous. Therd are, as we nave seen, the outlying 
Mincopie, almost the only islanders of the class who are savage Liter the fashion of 
men cut off from the world by the sea. Thejp ore the occupants of the hill ranges 
between India and the Burmese Empire, who *are savages after the fnabifan of moun- 
. taincors, secluded in their respective valleys, sectional in their feelings, mutually hostile' 
to each other, ignorant of thd world beyond ; nnd, ^ such, untouched by the influences 
, that have promoted the biviltzation of«Av|i, SiAm, and fthina. 

The civilization of ^he mon^syUe^^ic populations is more uniform in its character 
than their barbarism. Nor is this a matter of surpais^. It has chiefly originated in one 
quarter— fndia. From*fndi| it has been diffused. The history of the alphabets of 
Ava,^iam, Pegu, &c., toll us,thia. So docs the history tjf the Buddliist religion. With 
a Jew exceptions— cxqjL'ptions which will be specially noticed— all the populations of the 
class bdfore us, that have anson to any thfhg beyond their primitive paganism, arc Budd- 
hists in creed^ The BuiSnese are Buddhistf; the Siamese, Buddhist ; the Mon of Pegu, 
Buddhist; Cambojians, Buddhist; the TyjotrtLis, Buddhist; the Chinese, Budd- 
hist ; all of which are more or less civilized, all of whic^i use an alphabet ; all of which 
either form of themselves, or belong to, large consolidated empires. It is not necessary 
to dilate on these. They attain tiicir greatest development in China. Bultiston is 
Mahometan ; Nepal, Brahminic^ a 

The ruder tribes, on tho^other hand, claim more of our attention, since it is these 
that give us the idpa of the primitive condition of the family anterior to the introduc- 
tion of foreign influences. Their habitats have been already suggested. They arc rude 
because they aro isolated, and they arc isolated because they are cither mountaineers or 
.islanders. •• 

• We have seen that the islanders arc few— viz., the Mincopie and the Nicobarians, 
to which may he added the inhabitants of the Mergui Archipelago, off the coast of 
Tenasserim. The islanders arc few, for <»hc family is eminently the family of a conti- 
nent. 4t has a small sea-board ; but it uses what it has. The Chinese are one of the 
nautical populations of the world. 

The mountaineers ore referable to four groups, and these are geographical rather 
tlilU) ethnological ; it may also be ad^d, that in the present state of oiur knowledge 
, , fhey arc convenient and provisional rather than absolutely accurate. 

I 1. The first is called the It exttlhds along the south side of the 

Himalayas, from Kumaon to Assam. * 

2. The second ^elongs to the mountains of the Bouth-westem provinces of China, 

touching thf^Bunnese frontier, and extending into Tibet. This is designated by a Chinese 
name Bifanj meaning barbarians. * 

3. The third gives uc^the occupants of the mountain-range that incloses the valley 

of Aasam. • 

4. The fourth lies southwards, and includes the tribes that belong to the hills and 
forests th^t separate the lower parts of the riyo];B Irawadi iiml , Menam, Mcnam 
and Mek-hong, the Mek"9Ldng and Cochin-China. In other words, they are the tribes 
that lie J>etween Burmahsand Siam,* Siam and Cambojia, Cambojia and Cochin-China, 

> respectively, * *§> 

• ^he name of t^se is Isgion^ and legion is the name of their mutually luiint^igiblo 
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forms of spoccb. Not that they arc radically difStirent from either each other, or from tlic 
languages of the 8U|TOunding countries ; on the contrary, they can gencraJiy be refon'<*d 
to some of the greater stacks around them — ^mostly to the TiJjotan and the Burmese. 
Again, these rude mountain*tribcs sei?lo os measures of the completeness or inoomplrlc-* 
ness of the conquest *and consolidation on the part of the more potent kingdoms, Ava 
(or the Burmese Empire), Siam, and^ China; inasmuch as they generally roprosont 
the aborigines of districts which have preserved their independence. 

• aAnd^now to a dcetch of some of the details. \ 

1. The Sub-ilimalaf/am. — ^A large praportion of that \)arf of India, which lies to^ 
the north of the Ganges and to flic south^if t^o Himalaya^, is fnoriosyllabic in speech. 

It is Tibetan or Burmese, rather than Indian Prefer ;'*and th<^ tribes arcT small ami 
varied ; yet only on the southern slope. The moment wo jiass the liidgc, and get 
amongst the Bhot of Tibet, tlic language becomes wondcr^illy ftnifomi, and *that over 
a vast range of country. So thut the rule is thus : — • ^ 

((. A large area, with a single form of speech, on tlic sidt' of Tjjict. ^ 

h. A small orea^ with a multiplicity of laA^iagcs, on the side of Iiqlia. * 

As the Indians have encroached fromstht^ south, the monosyllabic tongues originally 
extended farther into Ilindostan thafti thgy do now ; perhaps, as far south as^hc Ganges. 

, They also, probably, extended l^rthcr westwards. How far no man. can say. Bo this 
as it may, we first meet with monosyllabic forms of spoecdi on the Kumaon frontier of 
Nepal, spoken by the Chepang, Kusunda, and llajoi, — ^wild, weak, and scattered tribes 
that demand more than a passing notice. • • 

The mountaineers of the western parfc* of Nepal arc, themselves, shqjrt in statim^ ; so 
that there is not much contrast between them and tlic Chepang in the matter of height. 
It is in colour and hulk Avhero the dilforone^ chiefly lies. The Chepang ore slightly 
made, with large bellies and thin legs ; the skin being dark brown, approaching to black, 
or, as iClr. Ifodgson calls it, nigrescent broum. The head has a fore-and-«ft develop- * 
ment, the other characteristics being definitely Mongolian — /. r. the face is flat, ami 
the eye small, hut the mouth projects.^ 

In these differentifc^ in the way cef physicalmppearance, I sec a repetition of what I 
shall point out elsewhere. A pojjulation is naturally and normally sonu^what undei’sizcd 
in point of height, Mongolian in physiognomy, and olive-coloured as to its skin. » With 
deficient nutrition, deficient clothing, and deficient civilization, it becomes thin and 
hlaeJc, The rudeness of the Chepang is as evident as their darkness. ITiey five en- 
• tircly upon the products of the forest and waste. * 

Nepal is consolidated into u kingdom, full of Hindu blood, and modified by Hindu 
influences. Yet &i.c original inbabitaiits are the monosyllabic Magars, Guiungs, Sun- 
wafls, Newars, Murmis, Kiratas, and Limbus, leading to the Lepchqs of Sikkim. Then 
the physical conditions change as wo approach the alluvial soil, the damp l^at, and the 
forest malaria of the water-system %»f the I^owcr Ganges, "ti^ieii the Koch, M<Sjh (or 
Bodo), and Dhim^ of Si&im and Coosh Bahar, liko^the Chepang, take tlie colour oi' the 
Indian. The, Garo mountmneers bring us to the veiy'bank of the Burampooter. 

This division ^ins far eastwards into the Kasia country and Jaintia Hills, falling 
into divisions and sfib-divisions, di^^^ sufi-dialects. The farther i^ sti'etehes 
eastwards the mor^ Burmese it becomes in its affinities. In xfofthcm Burmah the moun- 
tain tribes are called Nagas. • • • ^ 

2. The Sifm , — China I believe to have been conquor«3 from the south-east, (say) 

I from the valley of the Canton river. Hence the northern province have bee]tj 
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to tho cmi)ire within the historic period ; the western parts still rotain a sort vi inde- 
pendence. Some of these tribes of the Sifan may bo Chimise— -other^ are more Tibetan 
than (-hipest*, as has beeji shown by tho -only competent aujhority on these obseurc 
\opics-*-Mr. Bryan Hodgson, of Nepal. • * 

3. 27ie Assam Mountaini^ers , — The mountains that surround Assam, beginning on 
tho north and west, contain the AIca, the DuHa, the Abor, and Bor-abor; the Mlri, 
the Miskimi, the Jili, and tho Slngph<j, those Idst being on the north-east earner. 

We then turn round and move along the soutliem frontier from east to weirt, through* 
Sjo country of tho Muttuck/till wo reach the K.isia, Cachar, and Jaintia populations 
in Silhot, and the parts tibmit tho Garos. , * * 

Jiut the* northern {wrt of fturnjfr, the parts about Manipur, though not exactly 
N.'igji, ahoimdrin dialoejs and sub-dialects. Th®« last twelve of the following tabic 
show tliis : — * a 
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Thi.s taUle illustrates a valuable conection of vocabulanes made b^i" Mr. Brown. Tl^o 
table is often quoted as “ Brown’s Table.” It shows the per-oentagy- of w'ords common 
to ady two of the laflgiiages contained in it, aryl supplies a good measure of tho diiSorcncc 
and likouos# beiVcon a multiplicity of dialects j)acked up within a small area. Tho 
affinitfes here arc with th^lurmcso, and more j'cmotely with the Tibqtan and Siamese. 
Still more Burmese are** the Khyon and Kariens, along with a scries of populations 
knou'n as Kuki, Lunctas, and Khnmias ; whereas the Khapiti and Lau •belong- to the 
Siamese division. * 

I enlaifgo upon these matters, not because I kcKcve that mudn good comes from 
long lists of names, hut %ir the sake of showing two phenomena of far more vahie and 
importance, i^irstly, 1 to show that out of a great number of mutually unintel- 
ligible tongttOB, none ore whojy isolated ; but, on tho contrary, that they can generally 
be .apportioned to one of the larger classies, such as the Tibetan, the Siamese, or tho 
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Burmoso. Secondly, I draw attention to vha^ may be oallod tbtf contrasted chnractors 
of different arcae. In China, in Tibet, in Siam, a single tonujue covers a vast space. 
Elsewhere, a single toi^o is liniitod to a remarkably smal^ area. It may bo well to 
mark this juxtaposition of large aiid small gi-oups, and to wajcli whc'lJicr it is « 
phenomenon i)eculi^ to the monosyllabic family, or wliether it rei)eals itself elsewhere, 
and ro-appoars as an ordinary fact in otlier ethnological groups. It will be foimd to be 
in the lattcjf predi^c^ament. • • 

* • 4. Qmnto^ and jifay.— Tliosc aa:o 'tjio mountaineer of the parts between 

Siam, Camhojia, Cochin-China, and Ohiaa. Wc know IfttJcfof them. They probabij- 
bear the same relation to the* Chinest'f CooJiin»-C}ii7iesc,\ind**CRmbojian8, that the last 
group did to the Burmese, Siamese, and Tibetan.* * , • 

Wo are not acting over boldJy«if we attempt Ui diuw* a j:)ieturo of, that early state 
of the monosyllabic populations wbir;h preceded the ( onsylidaHlon of the grdbt empin^s 
China, Burma, Siam. The Ic^” state of its civilization* niiiat be that of the 
the mountain tribes. The ai'cas, lot), of th(* intlividiial tribes niust have been small ; ot 
whi» 5 h, however, one spreads at the cxpcmsc^if its neighbom*.-*. Thcsc^it ('ither^iodiJie.s 
or obliterates — amoving onwmrds in a given ^Urection, or (at le*st) from a ^iven starting- 
lK.int. » , , 

It is the business of the Almologist to a.seertain, a.s far as possibh*, these starting-- 
points, and to indicate the direetiofi of the lim^sof eomiuest. If histoiy helps, all is 
easy— not so if she he silent. He must, then, proiiecd inductively ; and, to do this, ho 
has I’ccoursc' to the pliononicim of language. Thistiiways teaehes something, ami 1 
think that in the present instance' its tearliing is .as follows^ — , 

a. The more wo follow the Chine.se languag<^ northwards and westwards, the more -we 
find it contrasted wntli the langiiagcH with w'hich il comes towaixls eontuct ; ami the 
more ye follow' it in the dire<‘tion of Tonkin and Co(;Liu-China, the nioix' similarity w'o 
find. Thi^ suggests .a direction to the line of eonriuost and Jiiigratiori from south aiu^ 
east to north and west. • 

h. The .shapf! of the ground covered by the Siamese class of languages is remarkable. 
Narrow in the direction of cast aiid w'est, it if of enormous length from north to south. 
More than this, il follows, with a considerable' tU'grec? of closenc+58, tho valley of tlie 
river Menam. Did the strcaiu of conquest and migration coincide with that^ of the 
iiNVr, and did the invaders of tho l(»w'ej’ di.stiicU descend from the country of it« hoatl 
w'ator.s Probably. At any rate, the Khamti^ language si)oken on tho front i(‘r of ^ 
Assam is ao*like the Siamese of tho capital, that in Bixiw'ii’s tables tbo per-eentage 
w'ord.s coniilon to tlic tw'o is nfncty-tw'O. Yet there lU'c ninctoon clegrecf of latitude' 
between them. 

Similar reason^ suggests a nortlicm origin, and consequently a southerly line of 
direction, to the Burmese. They grow more like the languages w-ith w hich Jihey come in 
geographical contact, just in proportifln as they arc examinod*in their northern dkUcctfi ; 
tho converse having been the cjiso with fhe Chiiuise* • 

We liavejiow seen, within a very moderate range !>f physical and philological differ- 
ences, both samples of comparative civilization, and samples of tho ruder forms of 
barbarism. But wf must rememho% that the phj^aical and other conditions ^ tho area 
over which the po^iilations before ns have been spread, arc oJa® difieront. Of islands and 
of insular conditions thoro was but littlo ; butthorf was agcortsidorablo range of climutc, 
both as measured by tho degrees of latitude, and by the height above the sea level. 
There were boundless plains, and narrow mountam valleys. There wa s also^a wide 
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range both of vegetation and animal life.* As domestic animals, there was the elephant 
in the intortropical jungles of Siam, and the yak on the snowy Alp^ of Tibet. There 
was rice, as a cereal, and piiUet, as a cercah In China there w^re the tea-tree and the 
srlk-worm, A remark or two on the phenomena Of speech vfill now lead us to the next 

group. * _ 

Tho relations of time and place, in t^io langui^es of the previous group, have been 
expressed by separate words plahcd ii^ juxtaposition, hut not incorpprated; with each 
other. But what if such words, originally distinct, unite ? In such a ca'?'>»wft have 
* the beginning of a system of inflection. Thfc strueture of languages in this stage of 
^ development is said to brf agglutinate^ ont* word is* incorporated with another j at 

tho same tiflie the fusipn of tie Jwtj is sufficiently incomplete for the original and 

independent character of the annexed word tdNjhowritsel^ ‘ 

• •* 

GROUP IT. — Turanians. — fhymgnomg: Mongol. — Language: Agglutinate, — Arm: 
Alongolia, Mantshuria (the parts north of Pekin — ^the valley of the River Amur, 

• Sclinga, or Saghilin), Siberia, lndc|KFi^ent Tartary, Chinese Tartary, Turkistan, 
Anatolia, Jloumelia ^or Turkey in Eufopa), parts of Bokliara, Persia, Armenia, 

Syria, ttfe Crimea; Lapland, Finland, Estlio^ia, Idvonia, the Russian govern- 
ments oV Archangel, Olonetz, Novogorod, Petersburg, Tver, Yai;^oslav, 'N’ologda, 
Permia, Viatka, Kazan, Simbirdc, Saratov, Astt-akhan, Caucasus, Nizhninovogorod, 

Penza, Tambov — Hungary — the Kurile Isles, Japan, Kamskatka. 

Pxlmajy BiTiaions.—!. Hi3 Mongolian stock. 2. Tho Tungusian .stock. 3. 

The Tiuk stock. , 4. The U^an stock. 6. The Peninsular stock. 

These five divisions constitute the great Turanian class, which some caR Svythmu i 

The proposed name is Persian. Much as the Greeks and Romans caRcd all nations 
except themselves barbarians, tho ancient Persian, designated by the name Turan aR 
those parts of Central and Northern Asia from wliich so many wRd and •fonnidable 
entmics were in the habit of descending upon the south. The ancestors of the Turks, 
Mongols and Ugrians, were assuredly among them. 

The SMCongolians.— Bounded by Tfebet, China, the Mantsliu countiy, Siberia, 
Indepovdent Tartary, and Chinese Tartary, Res, in the centre of Asia, the coimtry of 
tho Mopgols, or Mongolians Proper, the Mongols, or Mongolians, in tlic limited and 
special sense of the word. 

Kiatka, their frontier town, on the Ji)oundarics of Russia and China, lies more than 
^ ^ 2^00 feet above tho sea -level— without being situated on a mountain. Th^ as Mr. St. 

John rcmaiks in his paper on the Mongols, is higher tfian “ the towns of tire Hartz, or 
the Swiss Alps ; and there is a continual rise to Urga.” * In fact, Mongolia is the most 
elcvafted part of the ^reat Asiatic steppe — ^the watershed to two systems of rivers, the 
rivers that, Jike •the Ycnesy and the Lena, laR into the Arctic Sea, and tho rivers 
that, like the Hoang-ho, tilb Monam, and the Mekfiong, faR into the China Sea. Mon- 
goUa is the widest vrater^od in th« world — extreme in climate, bare in surface. And 
the MongoRans are the most nonbdio of populations. The horse, the sheep, and tho 
smaR black buffalo of the steppes are their domestic animals ; their home, the tent ; their 
food, milk^more than flesh, and flesh fliore than coiga** ** 

We are prepared for tKe physiognomy of the Mongolians— for his piA, face and broad 
^uR, aa^d for ^e obRque^ ey« ; for txaggerations of the Chinese types. The current 
' power of the Mongolian^in its wider and more general sense, impUes this. Add 
, * “ Journal of the Ethnological Society,** vol. i, _____ 
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to this, that the nation lives almost on horschjick, and has the legs short, the feet small, 
the calves undeveloped, and the knees bent out; with thick thighs, small waists, and 
long vigorous arms. TJlo statement, that tke breadth between the eyes is that of a man' 
hand, is an exaggeration ;*so is the statement that a ruler laid f^ci-oss the two cheek- 
bones would pass ^ver the depressed nose without touching it. Thn nasal bones ai'C 
certainly but little elevated; but in the ease of the eyes the distance is apparent rather 
than real. •The inner margin of the Srbits, the eye itstlf, are not inordinately separated 
from jpiih^otjljer. It is the crescentic fold at tlys inner angle of the eye, covering as it 
docs the laciymal gland, that giv^ thciircadth. The irfserfion of the teeth is obliqife; 
the upper maxillaiy bone masflive ; th# zygomas curved ftiitw^rds. It is this outward 
curve of the zygomas that makes faces flat ; and<he si^e of the pioxillary that gives tlumi 
roundness and ffliiicas in the mid^Ue pa4|k< If the /c/Kvr jaw also b(‘ piassive, the face 
is round or square ; but it is often pointed, and so the fjee gffts (ipinpared fo the low('r 
half of a lozenge. •» * 4m 

Tills iiliysiognoiny is uniform throughout Mongolia, and thg habits of the Mongo- 
lian arc uniform also.* • '* ^ * 

The great conqueror, l^ingiz-Khffn, tvas a Mongolian.* He is gj^ncrally spoken 
of a.s a Tartar, but Mongolian lb tl^e better term. Zingiz-Khan was^ a Mongolian 
and not a Turk. TamerlaiA^ was a Turk and not a Mongoliaii. China was <‘on- 
quered by the Mongols rather than by the Turks ; India by the Turks rather than th(‘ 
Mongols. Yet India i.s the empire of the Croat Mogul, and both conquests are called 
Tartar conquests. Under Zengiz-Khan and his fcifuicdiato sufjccssor, all the parts 
between the China Sea and the frontier of Bavaria wore oven-uu by JMongols. 

At present, the Mongolians are quiet, peaceable Biuldhists— conquerors at all, 
but rather monkish-minded men, subject to China — a few to Russia. Such being 
the qpse, it is difficult to realize a notion as to what they were when Europe trembled 
at their n*amo. The notices of the Venetian traveller, Marco I'olo, who visited t^p 
court or camp of the grandson of Zengiz-Khim, best help u.s hero. • 

In their nomadic habits they w^ro much the same then as now. “ The Tartars,*’ 
so writes Marco Polo, moaning by Tartars the Mongolians, “ never remain fixed, but 
as the winter approaches remove to the plains of a warmer region, in order to flndcufficicnt 
l^osturc for tlicir cattle ; and in summer they frequent cold situations in the mountains, 
wliere there is water and verdui’c, and their cattle are free from tho annoyance of 
horse-flies and other biting insects. During, two or three montlis they progressively 
asfjcnd higher ground, and sei*k fresh pasture ; tho grass not being ad( quatc in any on^ 
Ijlaee to fred tl^e multitudes of which their herds and flocks consist. '■Their huts or 
tents are formc^ of rods covered with felt, and being exactly round, and nicely put 
together, they can gather them into one bundle, and make them jip as package8,<*which 
tlif'y 00117 along with tlicm in their migrations, upon a sort of car witji four wheels. 
AVhen they liaye occasion to set th^m up again, they alw'Sys make the entraAco front 
to the south. Besides these cars, they have a»suporior kind of vehicle, upon two 
wheels, covered likewisq with felt, and so effectually as to protect those within it from 
Avet, diu-ing a whole day of rain. These arc di*awn by oxen and camels, and serve to 
convey their wiA^s and childran* their utensifs, and such provisions as ^hey require. 
The w'oinen at^pnd to their trading conccm.s, buy an# soli, and provide every- 
thing neccs.sary for their nuabands and their Yamilias ; tho time of the pien being 
cntirciv dcA'otod to the employment of hunting and hawking, and matters that relate to 
military life. They have the best falcons in the world, and also the ^cst,dogs. 




ai8 ^ MANNEllS AND HABITS OF TUB MONGOLIANS. 

— — ■ ■ . ... — - ■ ■ ■ — ■ - 

They subaiat entirely ui)on fleali and njiik, eating the produce of their sport, and a 
cortain wnail animal, not unlike a rabbit, called by our i>&oplo mice, which, 

dming the summer season^ arc found in groat abundance in the, plains. But they like- 
wise cat flesh of evcjy dcscrii)tion, horses, camels^and evon^ogs, provided they are fat. 
'riiey di-ink marcs* milk, which they prepare in sucli a manner that it has the qualities 
and flavour of white wine.” This is much similji' to M’^hat takes place at prt.5^t. 

They werc polygamists, and that of a x>cc.dliar kind. “ The mqp arc hUowed the 
mdulgenco of taking as niiiny wives a^they lihocvac. Their expense to +Jio >-3«lmnd«is * 

• lit great, and on the other hand the honofit doriw^s li-om their trudin^^'f ’ Iknu the 

t occupations in which thdy ortf eonstanliy pnga^od, is considerable ; account 

it is, that whhn ho r(Meii.'es a yoitiij^^v^maii in maniage, he pays a dowi'*’ iAer jiarent. 
The wife avIio v the first espoused has the p^Hlegtiwofi superior attc!7r‘*" <^nd is held to 
he thci mos{ Icgilinia^?, ’/iiieli ^ixtcnds also to the children hovni^ by hds ijn consequence 
of thi.%>'nlimiled nuinher of \'aives, the offspring is m on#' numerous than amongst any 
ollvn* pooidc. irpon t^.c d(‘ath of th(* father, Jhe son may takf^ to himself the wives ho 
leaves hftiind, wi^h the exceiition of his o\fn mother. Tlicy eannot take their sisters 
to wife ; hut upon tlic death of thoir hrotlKTsIthoy can many their sistcrs-in-law. livery 
marriage is solemnized with great ceremony.*’ 4 • 

More valuable are the scanty notices of their originftl Pagan ci'ocd*, now displaced 
by Buddhism. “ They believe in a Deity whose nature is sublime and heavenly. To 
liiiri they hum iu(;cine in <;ensers, and offer up prayers for the ciijoymciit of intellectual 
j and bodily In^rdth. I'liey woivsfii^i another likewise', named yatiffa^y whose image, 
covered with f<*lt 4n‘ other clqth, eyvry individual ])i*esoiTes in his house*. To tliis deity 
they associate a wifn and childn'ii, placing the foi-mer on his left side, and the latter 
beforc him, in a posture of rovircutial salutation. Him they consider as the divinity 
who presides ov€‘r their t(.'rj*estriul conetams, protects tlioir children, and guards, thcii* 
cattle and their grain. They show him great respect; and at their meals tlioy never 
onift to lake a fat morsd of the flcsli, and with it to grease tho mouth of the idol,^ and 
at the same time tho mouths of its wife and ehil|lrrn. They tlien throv' out of the 
door some of the liquor in which the meaf has h(*en dressed, as on offering to tlie other 
spirits. "This being done, they consider that tlicir d(‘jty and his family have had their 
proper riiare, and proceed to oat and drink without fiulhor ceremony. Tlio ri(^ 
amongst ^thosc people dross in cloth of gold and silks; wdth skins of the sable, the 
ermine, and othci onimnls. All their opcoutroments arc of on expensive kind.** 

• * Boj'harous in their funeral ceromonii's, they made it^an “ invariable custom that all 

• tho grand and chiefs of the race of Chingis-kany should he carried for interment to , 

a coitnin lofty mountain, named Altai ; and in 'whatever place they nyiy happen to die, 
althoif^h it should hc^t the distance of a hundred days’ journey, they are, nevcrtlicless, 
conveyed thither. 'Tt is likewise the custom, during the progress of removing the bodies 
of princes, for those #iWio form the escort to sacrifice such.pcrsons,as they cdiimco 
to meet on tho road, saying to them,** Depart for the next world, and there attend upon 
your doocased master I* being impressed with the belief that §11 whom they thus slay 
do actually became his servants in the next life. They do tho same afeo with respect 
to horses, Idling tho best of the stud, in order that hs may have the iL*ie of them. When 
the corpse of Mongu was tAnsported to this mountain, the horsemen who accompanied 
it, havingithis hljnd and hhrrijblc iJcAuasion, slow upwai'ds of ten thousand persons 
who fell in thoir way.’* * 

T^ie organization of a people of conquerors always commxuids attention ; an j Marco | 
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Polo’s narrativo supplies ixiformation on this j^oint. — “ Whcn*onc of the groat Tjutar 
chiefs proceeds on^an expedition, he puts himself at the head of an army of a hundred 
thousand horse, and orpjaniases them in the following manner : — He appoints an officer 
to the command of every tan iiion, aijrl others to command a* huiidr(?d, a thousand, an^ 
ton tliousand men ft^apectively. Tluis ten of the officers communding ton men talie 
their oi-ders from him who commands a himdrftl ; of these, each ten from him wlio 
I command ^ thousand; ami each teft ‘t>f these latto» from liim who cfjrimuiuds ter 
I* tljoujsan^^By^tlns arrangement, each officer haj only to attend to the m:uijjji.emi nt * i’ 
j ten men, o^on%odie^^ of men ; an4 whiai the commander if£ these hundred thouenin! ^ 
j men has occasion to make a dcfachiuenfsfor aiiy«i»articiilaF seraicc, he isiuics his ordt'i 
I to the conmiaiidors of ten tbonsaiid to furnish kim wfth a thousand iiioi* each ; uiid * 

' these, in the liko^.^niior. to the f 08 ;imai^||kvi of a thousand, wTro givejheir orders to 
I those commaiidiug a hundr'’d, until the order r''achcs thosc^ efimmanding hy wlioui 
, the nnmhor required is iniiii(*diiitcly suppliexl to their su|jprior officers. Ahuudre^d men 
I are in tliis manner delivered to ('very officer commanding a thousand, and a tJjcmsaud 
I men to every officer •onmianding ten thognftud. ’I’lic drafting takes ])laef'#withoi)l 
I dela}’, and all ai*(‘ imjdieitly obedient t» thfir rcspcctiv(‘ Rui)eTii()rp. ^very company ol 
a hundred ?fi(}n is den<»miiiated a itM, ai^d ten of these' constitute a fauian. 

< “ Wh('n lh (4 army procc'cd.# on service, u body of men is sent 1m o days* march in 

! advaiKJO, and parties ai’o stniione<l nfon each flank and in tli<' rcjir, in order to prever.t 
its being attacked by surprise. AVlicn the soiwice is distant, they cany hut little w ith 
them, and that, chi(‘{ly, wdiat is rc(iui.‘«itc for their cntalUpmcul, and utensils for cooking. 
Tlu'y subsist for the most part upon milk, as has be('ii said. Etudi man has, on an 
• average, eighteen horses aiid marcs, and wdicn that which they rido is fatigued, tlx y 
; change it for another. They ai*c provided vilh small tents made of fell, under which 
they sjjioltcr thcms<d\('R against rain. Should ciroumBtance.s rendc'r it iiceossary, in the 
I'xocution a duty that requires dispat(5h, lh(*y can nuirch for ten days logetlu r m ith- 
out (jrcssing vietuuLs : during which time they suhsiKd upon the bl(>od drawn fi'om tk ir 
i horses, each man opening a vein and drinking from liis turn cattle. They make pio- 
I vision also of milk, thickened and dried to lh« stale of a hard paste (or enrd), wdiich 
. called htmis” • 

The Mongolians are related, on the on(* hand, to th(’ Turk^ on tlio othf'r to I'tfh- 
[ piiainn stocks — to the Tmk.s on the west, to the Tungusians on the north and ea^t 
' - The first in order of notice will be ^ 

The Tungusians. — Tin* Russian government of Irkut.'*k is the great eentro Hf^ 
this stock, but they also cxtend*be 5 '’ond it. ITicre are Tungusians as fui»>vesl as the , 

river Yeniscy, anj Tungusians as far <?ast as the sea of Okotsk. ’J’here arc Tungusiau'^ 
at the neck of the peninsula of Kamskatka, and Tungusians all along the northernifron- 
tier of China. Indeed, the Chinese anJ Tungusian boundaries touch each other; th«‘ 
Chinese being the pojiulation that cn'^roaches. We find thisy f wt read about thci parts 
north of the (freat Wall, or if we study the gcc^graphy of •the great river Ami.r, or 
j Selingd. Different maps^ivc us different names. The older are Timgusian, the n('Wf'r 
j Chinese. In se^ral, the nomenclature is bilingual. There is Hie original TungUBian 
name for a place, fltad there is thp f hinesc syndhym or translation of it. So that, in 
. respect to industry, commercial enterprize, and the otheif Cleans by whicTi, dming a 
! time of peace, one nation encroaches on another, ^lo Ch^r^ may reasonably Ixj snp- 
I posed to have the advantage. Ho helps to civilize Uic ||*ungu8ian. Tliis is wdiat the 
I Greek did with the Roman. The Roman, ncvcrtlielcss, Vas thes lord and master, the 


320 


TUE TUNGUSIANS. 


I ( __ 

conqueror in the time of war. And 8% it ia here. The last of the so-called Tartar 
dynasties that conquered China, the dynasty that, at the prcscnt^.moiuont, rules the 
[ Celestial Empire, the dynasty attacked by jtlio present rebels, i^ a Tungusian dynasty, 
r iSpealcing specifJjjolly, the present ruling dyiiftsty is Maitshu ; but the Mantshu is 
only one division amongst many. The generic name for the (dasi to wliich it belongs 
is Tungusian. It is scarcely a native *tcrm — ^not at least as a collective designation. ! 
Some of the particular tribes call themselves ‘hfi/e (men) ; some doM (people) ; but a | 
eullcctive generic name for the whole, is wanting. Tongmian^ howcjver^ hi\a«»#^rijPen out* : 
bf the word donhi^ whiehj when adopted by the Chinese, becomes Tun("?!i(u j 

Some of the 'I’ungiif^ians 'arc subject lluSsia, somd to China; if, indeed, wc may 1 
call any irKAubcrs of the stock th whitli tho I'liling dynasty belongs by the name of attlf- 
jvet. I'Jjc Daqurian division lies on the frc^picr ofiitbe two emi)irt\|*^ 

'riie nhme iinplit's tnis. ^ Daouria means a fymndary^ border, or march ; so that , 
tho D^rptrian Tungusians ar(v,the marehmen or bordjcrcfs of the* llusso-Ohinosc border. ; 
Their oroed, for the most part, eoincifles with their political distiihutiun. In China 
they art; Buddhists, like the Mongols; Hidiussia, imperfect (vofv/ imperfect) Christians ' 
of tho Greek cJiureli, and Shunianist Btf^nDd. More of this latter crecjd survives 
amongst the Tungusians than amongst tlic AJonj^fjls. No wonder. Tho Tungusians ! 
lie furthest north ; so tliat eivili;{ing inlhienees from thefsouth reached them last. Their , 
alphabet came from the Mongols, as tliat of the Mongols did from tho Uighur Turks, ! 
and that of the Uighur Tiii’ks from the Syrian Christians. It is only the Mantshu 
dialect to which this alphabd dias been extended. The rest are unwritten. They 
are numerous. , ' 

Some of the Tipigusians tattoo their faces. Some occupy an area north of the range 
of tho horse, and witliin that of tho i-ciii-deer. This gives us a division into the | 
Jieindecr^tribe8 and tho i/ars<’-tribe.^. La.stly, the Tungusians of tho extreme north . 
^drive dogs instead of deer — so that there is a thfrd division founded upon tHfc use of the 
tli?;ec different domestic animals. The coldest parts of all Asia lie within the Tungusiau 
ai-eu ; and in the Tnngusian area the hardiest trees disappear 60 one.sl. All beyond the ; 
Irec-linc— the line of tlio bireh and willo^v — is tundra ; a name implying the absence of 
trees, »long with tho preponderance of block bog and moor and (sold swamp over the ^ 
aiid 4‘vels of the stcx>pe. The steppe is hare and diy; the tundra hare and ; 
water-logged. ; 

conijiared with the nations to yic north of them, the Tungusians seem to have ■ 
^ T>eon conquerors and iutniders, i 

In mow than on j plaecj they socm to have pressid forwards hotween populations 
originally continuous. Thus some of the populations of the Obi an(j. Ycnescy arc more 
elossly coiiTiocted 'w^tli the tribe.s of the Indijcrka and Kolyma than they are with the ' 
interjacent 'fungusians of tho parts between tlic Ycni'sey and the Lena. This looks a.s 
if the* direction of the llPUngusians had been from south to jiorth, probably from the 
soulh-oast. • « I 

The historj' of the Tungusianf begins but late, inasmuch as they lay beyond the pale 
of Greek, Iloinaii, and Arab intercourse. The Turks came in contact with western 
nations first ; tho Mongols next ; thcTTungusians Jas^. The Chinose histories mention 
an important tiibc called^Ninju, which was certainly Tungusian, probably Mantshu. 
But, ev^n in Clunose lustDrj> tlicy j^y a less prominent part than the Mongols. 

The followfng names, <*«iamon in mai»s and travels, arc the names of different , 
(VjvNions of the Tungusians— ^Mantshu, Daourians, Tshapojirs, Lamuts. 1 
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The Turks.— 'The word Turk means not grdy tlic Turk of Constantinople, but the 
Turcoman of TurJjL'dtaff, on the northern frontier of Persia ; and it means not onl}^ the 
Turcoman of Turkestan^ but all the populations, wheresoevej they may be located, and 
under whatsoever names thby may b% known, tliat speak a dialcet^akin to the Turkislt 
of Ilumelia and Anatolia, to the Turcoman of the Persian fmntier, and to the Tartar of 
Independent Taitoy. There are j^ood reasons* for U8in{< tlie word in this \i i(le sense. 
In order, hSwcvej^ to avoid confusion, •the Turks of Turkey in Europe will bo tailed 
* bj* thejpjiiap tl;oy themselves use — Osmanliy or Oi^mnau. 

The Turk sl^ck is one. of the wdeftt«i)rcad in the w^rld', and -wo shall soo, beforf 
lonp;, that it appears in every ^‘limate, %nd ^ndtr every dogrdb of latitude, from the 
-<U’ctic circle to tlie neighbourhood of the Ti-opics f for #c must :gjni ember tlftit, althoup;li 
Kg 57 )t is not peoiilivtliy Turks, itJi)qloiigs^ a Turkish dynasty, so that Jhirks are to he 
found on tlie Nile. In Anatolia (Asia Minor) they ar^ pcrlhanent occup&nls — ^long 
setthid, and thoroughly accliuuitcd. In Ruuiclia they l^^ivo held Constantinoijlj; since 
the llflecntli century. Of Chinese Tai'tary wc know little; h^t wc know enough 
of the eouuti’ics of Varkend and Khotem to kiwfW that the occupanls arc Turks, fnd that 
they speak one of tlic Turkish forms of ipodbli. • ^ 

It is not so generally known that^Avitliiu the Arctic (;ircle, on tlie^very shores 
of the ley Sea, #long the frozcA Lena, a form of the Turkish is spoken by the S<»k- 
halav or Yakuts, an outlying oifsel of the great Turk stock in its most northern 
locality. 

The area covered by tbo Turks is vast ; and if thd dmisity of the population at all 
corresponded, the stock would l)t‘ the most numerous iu the world. Tiidcpi'iidcut 
Tai’tary alone stretehes through more than fifteen degrees of latitmic', Put the coun- 
tries which the Turk holds singlo-lianded arc but little favoured in respect to climate ; 
whevcij^s Kumclia, Anatolia, Syria, and tlic more hospitable parts of Soutlicm Asia, were * 
not originally Tuik, and coutaiu Tuiks only us i>ortions of a joint iiopulation. Never- ^ 
thedess, os comparcid with the Mongol and Mantshu, the Turk stock is a numerous one. 
Though large, it is by no lucajis complex ; /. r. it fulls i7ito no important divisions, and 
ink) no multiplicity of sub-divitioiL'S. • 

The Turk range of altitude is as rcinarkubh' as its range of latitude. The table-land 
of Pamerc, 12,000 fcc;t above the level of the sea, Ls I'uik. Except the Tibctj^n, no 
Asiatic i)opuhition lies thus high. "J'hert' is no want, on the oilier hand, of low levels 
occupied by 'f urks. The main part of their arc^, however, lies high. Independent 
Tartary is a atei)pe. Now to occupy a steppe, generally means to live the life of a hord.s? 
man, rather than an agi’iculturulift, and to dwell in a tent rather than a hous#. For the 
Tiu’ks of Central A^ia, the horse in the domestic animal ; for the Yakuts, the rein- 
deer in the Bouthcra, the dog in the northei’n, localities. ^ • 

The gcogi’aphical distribution of the turk stock is iUelf a history# It^ speaks to a 
long scries of encroachments, invasion^, conquests — souictime^f amalgamation wkh. the 
conquered populations, and intermixture of blood. .This complicates the question as to 
their natural aptitudes or inaptitudes for particular foAns of industry, or for paiiiculai- 
kinds of civilizatigon. The Turk, except where ho enlarges his area at the expense of 
some southern popukition, is rcmovc<J from tlic soils that suit agriculture, from the seas 
tliat facilitate comq^erce, li’om the relations that generate ifaAe, markets, cities. lie 
builds not, neither does he sail ; he is not naturally^a sowar aad reaper ; he is -^hat the 
stepjic makes him. At the same time there is such a thiiK as Turk agriculture, e. ff, in 
the Crimea, and in the valley of the J nrjan. The Turks of the J mjan are the Yamud yd 
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^ THE UGEMNS, AND THE IfAJIASS OF nOKGARY. 

• " ■■■ — - j 

Ooklan tribes of tbo Turcomans, and tkeir area is the south-eastern side of the Caspian. 
JIor(', where a river favours industr}% industry becomes agricidtSral. f 

Next to the Arab, the 'furk is the most •Mahometan family^ in the vrorld. At the 
aamu time the Yakuts preserve much of their oldfiShomanift Paganism. A few have 
been converted to the (5 rock ehurrh. 

The pliysiogiiomy of the Asiatic Turk is modified Mongolian. In Europf‘, where 
there has been much iatcrmixtiirfc, a ch^go of fdatm c takes place. Thy bcard^ e.spGcially, ^ 
increases. Such is tin* case with the Qsmanli , but the Osmanli, it must r<p»<|fgbcr(Sl, 
j Ac OBsentially cxceptionil. * 'I'ho Turks of •Chinese Tartary, the Tfzbc^k Turks of 
Bokhara, the Turcomarfti, Uftj Kirghiz* of, Fiid^cndcnt^rartary, the Tcleiits, and other 
Turks of Silleria, arc alj Mongof in^cd-nformation. The Crimea is Tiukish in respect to 
its cjtlinolog}’', l^iough Itiissian in respect to its politics. ♦ * 

The Vgxians.— Tills is Jjie name of the fourth, tlic most western, and at the same 
time tjji* most northern of Uu* Turanian .stocks. Alloft^ing foi* the secondary exten- 
sions of the great Tii^k stock, the Ugriaiis hp in contact with its northern and western 
boundxrfics ; so that, if wc move from to Europe, the Egrians meet us on the 
way. I’heir ^eastern braiich, liowcvor, Ih'S** difb north of the Turks ; due north also of 
some of tlio J'ungusians. « ® 

liapland is XJgi'ian. The Samocids are Ugrian. I'li?* Ynkahiri, at the mouth of tlio 
rivers Kolyma, Yana, and Indijirka, are Ugrian. A groat portion, ind'‘<'d, of those 
populations of the Old World, which lie within the Arctic cinb', a)’c Pgrian. The 
Ugrian family, if not the most Ajlierican of all tin* Asiatic families, is second only to the 
Peninsular slock. ^ 

The primary divisions into which this slock fulls is that of (1.) the Eastern, (2.) the 
Western Ugriuns. 

1. The Eastenx are either Saraoyeds, Yeniseians, and Tulcaliiri, all populat^'ons of 
^Asia, Hio Yukaliiri being the most eastern; none of tbese arc in contact with each 

olrfier, inasmuch as northern offsets of the Tungiisians and Turks separate them. They 
aitJ ill] uomadcs — all in the tnndra rather than in,thr forest. 

2. The Western Ugi’iaiis consist of Yho Laplanders, the Finlanders, the Pcmiians, 
Siranisns, and Votiaks of the Kussian governments of Penn, Vologda, and Viatka; 
the Tuh(‘remiss, the Mordvins, the Tshiivash, on the middle A^olga ; the Vogula gnd 
Ostiaks on the ridge of the Ural mountains, and along the rivers Obi and Ycnesey, and 
hjoally \.he Majiars of Hungaiy. Bcywcon tbc cxlremc types tlaa'C' aic broad differ- 

, Ibices, a.^., between the Laps and Majiars. »So there is in respect to their social and 
iutcllectuaWiistorie.s. ^ 

In regal'd to physical form the Ugrians arc light-haired, rather tjiaii dark — mafiy of 
tlioHft are red-haired. This is tJic first stock Adhere the colour has, in any notable pro- 
portion, beep other than dark. 

The Majiars' of Ilunjijllry belong to the Ugrian stock —a Avli^di lias long been 

known to philologucs, hut which# is not sufficiently flattenng to the Majiar pride 
to be willingly admitted. 8o,*howevcr, it is. But as /he Majiars •arc outlyers, 
having conquered Hungaiy from the southern jiurl of the Uraliau^ mountains, tlicy 
lie beyond the true Ugrian area, jusf as the Osmajili of Riiraelia liS* beyond the Turk. 
Paying aside, however, •the Majiars, the Ugrian stock extends fi^v southwards, and 
far westward as well — ^ L«.pland^n the latter direction, to the Mordvin country in 
the.£i>rmer. l^ow,'tho Mordwns occupy parts of the llusslan governments of Kazan, 
Saratov, Simbirsk, and Tambov; so that thf* Ugrians extend as far south as the 
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THE VOGULSj^AND THE MAJIARS. 
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latitude of Lombardy and Piedmont — ^Nortliorn Italy ; thence to the Arctic (drclo, os 
aforesaid. • 

The northernmost ^portions of the Ugrian area are Here the jnhabitants 

are nomadic, with the reftn-deer fnt their domestic animal. They live, too, •intend. 
Elst'where, however, the ITj^rian dwells in houses, and tills the soil. The tribual 
organization grows les.s prominent ai^we advance wcstwaixls. I'lie steppe gives way to 
the forct.-st ;*for alluvial tracts, thickly wooded, a);p occupied hy the various IJgi ian popu- 
the w}iol(‘ of the upper and middl<* Volga. ^^J'herc are ri(» gi’eat mountains 
in the Fgrian area; the. most eoiisidcrjft>le range being that of tlic Uralians, betwoen • 
Europe and Asia. These arc cold ;md1nho5piHlble ; not*he(;tiuse they attain any great « 
elevation, hut because they run far towards the%(yih, and lic^ar inland.* Ilioir oeeu- 
pants are the Vog»ls, a poimlntioA of hunti'rs in the county of the l)oai', th(‘ beaver, j 
the glutton, and the idk — hunt(Ts of tlu* forest rather th§n the prairie or open (jountiy. t 
As hunters of the extra-fcopieal forest, rather than the open conntrj', t]^ Voguls 
are the most northern tribes in the world — as hnnlors of gamt^ nithcr thim as flslyjrs. 

This la.st is what thrtr neighbours arc — file Ostiaks of th(‘ rivers. Obi and^Yenisey. 
fk)iilra.st these two tribes with theii* nrughhours of tlio <buth and ^est — with the 
llgrians of the levc3ller (uountiy a#d thf3 alhividl soils on the A^iatka and Ij^ama, and wo 
see th(' Idiffercmcc between a^ilc of agriculture and a life of venatorial activity. The 
size of the villages gives us the means of comparison. With the Voguls, the villages 
consist of some tivc or ten huts, made of poles, branches, hark* or skins, with a 
distance between them of not less than ten or t.wcM!> miles; so much free space being 
necessary to the .sustenance of the hunter. The Tslicyjmiss villages numht'r from 
thirty to forty houses. Tlie Tshuvash arc larger still. • 

The Vogul and Ostiiik are undersized, even a.s compared with the agricultural 
triho^ -not, however, as (sompared with those of the tundras. Tlicir face is eminently 
Mongol ; so much so, that the eminent geogi-apher Maltchrun has allowed himself 
believe that they arc n “ Kalniuc population, conrpicred at some far-bae.k period? hy 
the Hungarians, who imposed upo^j thorn their language.*’ No pliilologue, however, 
assents to this. Tlie Voguls arc the more Mbngol of the two. 

1'he w'ord Jlnrirfarian introduces a new series of facts. It is to these vcnalfodal and 
]jjscatorIal TTgrinns^— Ihosan Voguls of the Uralian ridge, and those Ostiaks of the loM^er 
Obi —that the Majiars of Hungaiy arc the mo.st eloscly allied; at least in language. 
How' is this explaim'd .> That the Majiars ar<^ an intrusive population, who invaded 
Em-ope from the north-east, in tJie tenth century, is a matter of historj'. That theito , 
, original country; was the southern part of the (Jrals, is a matter of 111 most equal • 

certainty. If so^they 'were the third branch of a Uralian division of tlie Ugrian stock, 
whereof the Voguls and Ostiaks were ^the other two. Hut tlieir-Jiahits have chinged. 

So liave those of the I'''grians of Vologda and V^iatka, who were on(9c hunters Hko the 
Vogul, hut aj’q now tijlci's of the soil like th<* Einlander^nd the Esthoniam * 

To the eliaraetcr of the Majiars of the tenth century, they won tlioir pre.sent 
quarters, let the old cliyonicdo writers give their *teslimony. “ Out of tlie aforesaid 
parts of Seythifc did the nation of the Hungarians, very savage, and mon* enid than 
any wild beast — if- nation that years ago Vas not even known by ijame — when 
pressed upon hy neighbouring people of the name of Petsffinegs, eomij down upon us ; 
for the Petshinegs were strong, both in numbers Ind valjUT?and their^own sq^ was not 
sufficient to sustain them. From the violence of th^se the Hungarians fled, to seek 
some other lands that they might occupy, and to fix their settlements elsewhere, )So ■ 
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they said Farewell to Hicir old country.^ At first tlioy wandered over the solitudes of 
the Pannonians and Avars, seeking their daily sustenance from the cha^c, and by fishing. 
Then they broke in upon the boundaries of the Carinthians, Moravians, and Bulgaiians, 
with frequent attaek|i. Very few did they day wit\the ncord^many timi&ands with their 
arrows, which they shot with such skill from bows made of horn, fnat it was scarcely 
possible to guard against them. This manner of warfare was dangerous in proporlitm 
as it was unusual. The onlj dilhircnco^ between: Ac Hungarian manner of frghting and 
lhat of tho IJritons {sic) is, that .the ^former use arrows — ^thc latter darts.’-i^ ^ «. 

^ ' Again: — “They never^'kiiew tho ways o£»eith(#’ a tow q, or a dw'6llm^, ami tiny 

, never fed upon tho fruits of human labtur^untibthey caihe to tliat i^art of Russia which 
is called Susddol. Till /hen thefr foo* w'a.s llcsh and fish. Tlieir youths wore hunting 
(iveiy day; heni;c, from that (L'15'^ to this, the Ilungaijans aie bctt<ij: skilled than other 
nations in the chase.” * 

LociJjng solely at the pljysieal conditions of his«u-ea, and remembering that 
he ^clongs to the mo|t northerly gi'uup 011 ^Ihe face of Uic eai th, w'c may place the 
countiy ^f tho UgHans amongst tho infti^ favoured portions < of tlic extra-tropical 
world. The op,k and liniO'grow in its southern parts ; the fir and birch extend boj ond 
the Arctic (Jircle in the northern. There abtaidance, too, of mineral wcjdth. 
Nevertheless, the XTgrian population is s.caiity, fragmcitLary, and dependent. It lies 
between two stocks eminent for their aggressive cllai atJtcr — tho Turk 011 IIkj (’ad,, the 
Ru8.sian on the w^est. For this reason there is only one country where the stock is 
well represented, and lhat is thc^Iiuchy of Finland. In the Duchy of Finland uloiie, 
about one-half of the wliolo Ugrian population is contained. Here and in Jistlionia v'c 
find the Ugrians, fjr the first time, in contact wfitli a practicable sea ; for the Arctic- 
Ocean, which washes tho sea-hoard of the Lap.s and Siberians, can scarcely be taken 
into account as an element or instrument of civilization. Rut the Baltic connects tho 
^estern Ugrians with tho nations that best lu'prcscnt Kuropcan civili;^,ilion — the 
Geirnans and the Swedes. Here, though the physical conditions of .soil and climate 
arc hut indifferent, the social development of the I^ iun stock attains its bi’st develop- 
ment — ^better, h<»wcvcr, in Finland than Hsthonia. 

The^iorthcrn Finlanders come in contact with the more southern Laps ; the I'cla- 
tions hq/;wocn the two divisions being of interest. In huiguage they arc liker tlian in 
bodily organization and habits. On the other hand, the bodily organization of tlie 
J.(ap is more like that of the Samoyed^than is his huiguage. Hence tho evidence of 
^ ^tffb two tests, or criteria — the anatomical and philological— difftu’s. 

• 1 belicvflj however, that the difference is greater tii appearance than in reality ; 

inasmuch as, at 0110 time, the Laps were extended much further soutJi than at present, ' 
and tkat on both sides of the Gulf of Bothnia. Thus they covered nearly the whole of 
Finland, and^neaidy the whole of Norway and ^fweden— some say tho whole. This was, 
of course, before the forcfaJfecrs of tho prc'scnt Finlrfudcrs moved northwards, and before 
tire forefathers of tho present Norwegians and Swedes did so. As tho one encroached, 
tho other retreated. This is thc^history of the weaker families of mankind all tlie 
world over. But this is not all. "WTicreYer two families of strongly-cimtrastcd frames 
and habits ^are brought into close geo'^T'apliical ju^tg£)osition, and there is no corre- 
sponding change of the physical conditions of their respective areas, ^cre has always 
been encroachment and inkusion on the one side or the other ; on tho side of the more 
• southern population of the tw%when the area is Arctic or Sub- Arctic, or the side of 
^ the more northern of the twoVhen the area is Tropical or Sub-Tropical. Now tho 
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result of such cneroaclimcnts is the ohlitcratioa of transitional and intormediato forms. 
That the P’indlan^or has encroaehed on the Lap is a matter of history. I'hat he con- 
tinues to do so is a matter of observation. • , ^ 

Except the Ltii)S and*P’inlandcj8 of Norway and Sweden, tand the Majiars of 
Tluiigary, all the Iigiians belong to the llussian empire ; and where their Christianity 
lias <‘omc from llussia, they belong t^ the Greek Chuif:h. In Finland and Esthonia, 
where the mduen^ea have been Swedish* and Geiynan, 6ic creed is Ijiitlieran. "With the 
i eSsteiT^ iTgrians^ Paganism is the rule ; with lie wester^, the exception. It «>ceurs, 
i however, amongst the Ostiaks, tie Vt^uls, the Votiaks, ^Jic 'J’sheremiss, and tlu' 
i Tslmvash. Of the Asiatic creeds — siidh as .the* Mahomol:anis*^i of the Turks and the 
lluddhism of the Mongols — thci'c is notliing, or ifb>^ to nothiiui, amongst Ihc tribes of 
this stock. • * • ^ * 

As the castora Ugi'ians are amongst the most Ameriei^ ofthe Asiatics, lie western 
ari' amongst the most Europoiifi. • 

The Peninsular Stock. — Up to th(* jn-esent time, nincty-^iine hundredths of ^ui* 
(iOinology has hoen cofltinental ; i.e. it hasflealt with populations either far^'cmovcd 
from the sea, or poimlations wilh an iflconsiderahlo and unimportant seg-hoord. The 
absolute islanders have been few^veiy few indeed; f(‘w amongst the Monosyllabic, 
lewi’r still anuingst the 'rurainan populations. Yet the oeean is one of the gi’oatest 
amongst ethnological influences, it is important, in even its simi)lt*st relations, to the 
lands it washes. It is important, even if wc look upon it merely as a source of a 
fresh kind of aliment ; calling to our minds such <mi{ominations as jish^catersy or the 
more learned term Tchthyophagi. It important if wo, remember its influence on 
(limat(*, and (jontrast the effects upon the human frame of moist and fresh atmo- 
sphci'os, like those of Injlniid or New Zealand, with the cold and parching wiiuls of tlio 
Mongplian steppes, and the hot and parcliing >vinds of the African deserts. 

Far more important, however, is the influence of the oecaiP as a highway between 
people and people. It always leads .somcwhitbei*. As a proof of this, no island, lai^er 
than those of the Falkland group, hpwever distant from the ni'arcst point of land, is 
uninhabited ; although, it should he added, tHiit Madeira and Iceland have been peopled 
within the historical period. • 

^ Now the ocean that washes the north-caslcm shores of Asia leads from ithe Old 
SYoild to the New, and the slock under notice occupies the islands and peninsulas of 
its Asiatic side. • ^ 

Tlio divisions of the roninsjlar stock are — n 

, 1. The Corea)\H of the Peninsula of Corea. • 

2. The Japan^c of Japan and the Lu-chu Islands. With each of these divisions 

the civilization of China has struck rooj. , • 

3. The Aim of the Kurile Islands, extending fi’om Japan to the Sbuthpm extremity 

of Kamskatka. , . * • 

4. The Kamshadales of tho Peninsula of Kamskatka; 'a population exceedingly 
reduced in numbers. , 

5. The KoriMJca and Tahnktahi . — ^With the exception of a tract of country along the 
eastern side of Bffhring’s Straits, |ind about tlic mouth of the Anadyr, ij^ieh is tho 
occupancy of ai^ Eskimo population called KamoUOy the !l(oriaks occupy the north- 
eastern extremity of Asia, bounded on the west bf" the Y«ka!hiri, and certain X^uigusian 
tribes, and, on the south, in contact with tho KamskacUfies. In respect to their civili- 
zation, they stand in strong contrast with the Japanese. In physical appca^nce 
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they have ofteuor boon compared witb*tlie American Indian than has any other tribe 
of Asia. ' , 

The extremes of the Peninsular stock lie within coinparativ,ply narrow limits. The 
Japanese are tho fliost civilized, the Ivoriaks fthc rudestt, the Aino of tlie Kurile 
Islands the most insular. TIumc ishis arc small, and their latitude‘high ; so that their 
atmosphere is surcharf;('d with moisture. stories arc told about the n])pcai-anei* 

and habits of the Aino. 3’Jie ^^onien ar(‘ haul to talfc delight in suclding ybuiig hours. 
The men are said to he covered withbhair over tlio whole of tins body. thece 

statements require further* su])]K)rt. • • , 

Amongst the CoreaiiS, Sh^udd, whof is^our best authority, iloscrihes two varu'ties of 
physical foiAi. One i j, (’miuenfly^A^iigoI. The f/ther reminds the* obsorver of tho 
Ihiropeari— thaV is, the fat'j* is l(s& flattened, the ^v.'yf'unata le-s c*».Tvod outwards, the 
nos<* rnore*aquilino. Tlion; gre .also said to he departures IVom the usiuil character of 
the M(^»()lian liair, as shades i)f brown ;uitl auburn arc Jpokon of. 

,Kow parts of the ^vorld arc less kiiowi\ Ihan th('i>e ])t'ninsuha’ localities. Letween 
China, J^ipau, aut^lubsia, there is plontj’'*)^ ol)seurily. 'I'lie ICoriak division, ('specially, 
is unstudied. ^ * 

Korial' gcnei’ie. name fur a variety of trijKS-*' some in eontjK't 'with the Ugrian, 
Yukaliiri, sonLC with the iiorthcun occupants of Kamskalldi. Of those thc'iiiiost im])ortant 
arc the Tshiiktshi. 'I'lK'y prosciTi* their ind('])endeJiee of Uussia; so that their countiy 
can, witli great diflleulty, bo visitt'd. They seem to be a ])Owerful pei>pl('. They have 
encroached on the ITukahiri •we.^,*‘aiid on the Kamskadales south, 'flui llussirms are 
unwilling or unable to inU'i ipn' much with lliian. The chief sources of our iiiformatkm 
are a notice of MjitiuslilJu’s in WrangcU’s 'J ravels in Siberia, lOio Aisited llicir 
(tountry from the WTst, mid Jjieutenant IIooi>ei’’s woik on tli(! Ttish'f (as In* eaUs tlu' tribe 
with which lie came in contact), descriptive of the jiopulatioiLS to the north of Bely'ing’s 
ftruitfv Their pagani^^li, which extends in an unmodified form through* tho whole 
length and breadth of th(jir area, is of the Shamanist kind, so prevalent in Central Asia 
and Siberia; thoir social organization complex ; tl^dr frames and constitutions vigorous. 
As compared with the NamoUos, who rovc^roni placo to place with their rein-deers and 
their eauocs, they arc stationar}", and by this name they are often distinguished. 

A sytionary Ti^ImJctftJd is a Koriak; a rein-deer Tshuktshi^ aNainoUo. Confusion, 
against which wc should guard ourselves, has (irisen from these equivocal tenns. 

The parts un ler notice lead ns t«^wards America. So do the poi)ulations. Vet 
* America will stand over for a while, simu* our notices of Asia reqiiu*e completion. 

The neit group has a somewhat cumbrous donoiuination. We must, for the 
present, call it t)te CaHcasian, in the limifod sense of the term, ^ 

"Wii must use tjiis roundabout foim of expression, because, from tho time of 
Bhimenbach /iowiiward, the word has had a double sense — a narrower, and a wider 
one. • ^ , 

In its narrower sense? (Jaucasiau means the populations between the JUack Sea and 
the Caspian, the populations of A^hich tlu) mountain range ^of Caucasus is the occu- 
pancy. The English and French politicians understand well what is meant by the 
term, The^Bussian undci'stand its mftaning even J)cttor. It ineanft those tribes who, 
like ihc Circassians, give ^5 much trouble to the liussian gcnciuls, ^and defend their 
frontier successfully ; tbos» tribes* who fight under Shomyl for a loader. It means, 
too, the softer untl.moro rcducitte Georgians, who are good and tractable subjects to the 
C.zar^ means these and the allied populations, all of whpm are more or less maun- 
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taincor, and all of He witliin the regwn of Caucasus. It does not, Ijowevor, 

mean tluj Turlcs and Russians to the north, nor yet Hie I’crsiana to the soutli and 
east ; Ihoiig'h wo must rcmcniher that all tjiese iiopuliitions ai'C‘ in tlio neighbourliood. 
I'his is tl)t‘ limited power sf tho w’or^ Caufosi/in. * • ^ 

Tn its wider si^nsc the term (Hnnprizes, along with most of tho populations denoted 
hy its more restrietc'd signilieation, a vast rflid heterogeneous multitude (»f trihes, 
families, afid stocks. In its wider* Henso it coniprAes the Greek, the Judian, the 
* Ualian, the GeAian, the Vole, the Frcnehinan, the PtTsian, the ICuglishman, the 
WeJshmnn, thc^ Irish Gael, the Se<jteh fV^(‘l, the TVIanksiriftii, Jew, the Arab — a wide 
range this — an important ebisii^tliis ; a’i iiniiortjnt class, *f rct^. 

Tn the lanji^ingc; of Rlmnouhach and (?nvitg‘, an#, to a certain exlrtil, in that of 
Ihiehard also, iuylij^h's the inhabiAiits of the continental parts of the 

Old World, wliieh are iieither MongoUans nctr Negroes, in thidr pliysical ci<irormali»m. 
How' eanie the ftTin to he eVisen r Whin IJliimimhae^ invostigftted the hest- 

shapf’d skull in his museum was that of a Georgian. It was so well shn]>ed, nceording 
to tlu’ European standard, fhal ho made S, type of his pocontl class, just aw he ntade 
a Mongpliaii {he type* of his first, .(\ifid just as he used fhi’^term !M*ong(dian in a wide 
IS well as a jvsti leti d sense, /hd hn^ in liki* laanner, use the tenii (\'jiieasian. KA]ieriene<' 
has shown tlu^l it w'as not wi+1 chosen. , * 

So much for the rci'haf qu{‘''tioTf a.s to the namr. of n parficidar clans, 'I'he real ques- 
tion, as to llic trutli and aecuracy of the class itself, is anotlun* matter. How is it that 
the wovd.7fe;/i/o/]iolds its ground, whilst wykhave to he abandoned. MmgoUan 

has two powu*rs — (hucanlnw has no inoio. Yet the practical ililheulty of dittinguishiug 
h('tw’'<‘en tho MnngoUcm of M^golia (or the Mongolian in fhe limited sense of tho tenn), 
from tho Movgolo^ the great Jloin/ol class, ha** never hci'ii so great as to mulangeT* the 
use of thir d<»uMe teim. 

fflhsw'cr to this lies in tho fact that fie elans called Caueasiau is ml a natural m\e. 
It is founded upon neyativc characters, quite ns mueli as upon positive ones, A skull w^icli 
approached tliat of Vdumenbaeh’s Oi'orgian, was Oam;asiaii; hut a skull was also Gau- 
ciifthm, if it wc'ro, at oni) and tlii' same time, a skull from the continental paids of 
either Asia or Africa, and a skull that helongi'd to neither a Mongol nor a Negjo. Oas- 
sifications of tho Icind are rarely satisfactory — rarely permanent. The Mongol class 
was natural as far as il wmt ; i. e. none of the pox>ulations included in it were misplaced. 
It did not, indeed, inelndo Jill that it should have, done ; but this w’as a nujttci* easily 
rectified. So the tmn Mongol k«;ex>s its gi'ouniT. • 

Th(! Caucasian class was^ faulty in the opposite direction. It included mon* 

’ than one jiopulation that no single class of like value should have included. It in- 
cluded the Arab, w'ho was in a different category from lh(‘ western European^ and it 
ineludcd the western European, w'ho was in a different eategoryVroju the Caucasian of 
Caucasus. • ’S • 

Tho great l)ulk of this wide and general Caucasian classf or family, consisted of thi* 
Euroi)canB,of wi'^tem and southern Europe, tin* ci'\41izod nations of the w orld. So that 
Cavrasiafi bcf'ryno one of the compHmontary terms in Ethnology. Gr(!{^k art was 
Caucasian; Ronmu jurisiirudenpe^ Caucasian; Jewish monotheism, Caueasian; Anglo- 
Saxon freedom, jCaucasian ; the American institution of eAawory, Caueasia*u ; and oven 
FrencTi fashions luid German j^hilosophy were ®aucasi|n. • From all this it soon fol- 
lowed, tliat the least Caucasian of the great Caucasian r^cs^ so called^ %:erc fits natives of 
Movmt Caucasus itself. • 
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GROUP III. — The C/Vucastan Stoch ix the ltmiteh meaxtxc! o:-’ the teum — 
(Diosl'HKIAX — Latham). — Physiognmny : Fluropcan, rather thyi Mongol. — Lan- 
guage: Monosyllabic rather than Eiirapean . — Area : Cauc‘^sn«». — 'Divishm: 1. The 
# Circassians. 2^ The 5vTizh(lzhcdzhi (Mizhjejj). 3. TWi Iron. 4. 'J’ho Georgians. 
5. Tho Lesgians. 6. The Armenians. 

Each of these groups falls Unto sections aif.l sub-sections j although,! as may bo 
expected, they are not all equally ('imiplex. Nevertheless, ‘the fabt of their bci:|jig ' 
d'vidcd and subdivided at#all^is one o/ great i^nportance. The clas-ses^aro numerous ; 
yiit tho area is small, and, as compared jvith suej; vast njcsses of country as the Turk or 
Ugrian supgrficies, absolutely iasigrdficafit. At the same time it is broken up into 
impracticable valleys afid isolated la.stnesscs — cont^tions that favo^ir th(' formation of 
sepa7-atc and independent *i*oinmunities. 

AVe must take care, then, ^hat whilst we bear in mii^ the important fact of there 
being considerable diiferonces 1l3etwoen the different sections of tlici stock before us, av(‘ 
do*iiot fgrget the phyifi(‘-al phenomena that^favour their evolutipn. Ncdther must w e 
forget that there Is likcm^sa as well as diiferaucc; — similarity as well as jioints of con- 
trast. • ^ 

There is tliffereuro as well as likeness, — likeness as akoII as difference ; and it is not 
difficult to distribute the points of the two. The Kkeness between the mountain tribes 
of Caucasus lies in their habits, temper, and physical conformation rather than in their 
language : the difference in theii 4 ^ 1 |;,nguago rather than in habits, temp(‘r, and physical 
conformation. A great d(jal has heen wiitten about tho extent to which one tiibc is 
luilikc another ; hut it is upTm tlio prominent, woll-knoirn, and long-ascertaiiK'd dis- 
tinctions of dialect and language that this dissimilarity has been caleulat(‘d. Had tho 
modes of speech been as imiform fis tlu* manners and customs, less w'ould have been 
said about the multiplicity of tribes and nations occupant of the Caucasus. I* do not say 
fiiat the whole population would have been included in a single class. I only say that 
less would liav'e been said and written about the peculiarities of Caucasian ethnology. 

As tho points of differenco hayc eomingpdi'd llnf most attention, let us give them a 
conspicuous place. Tho ancients had to regard them. Gibbon, quoting Tliiiy, statc'.^ 
that in tlic market-place of one of the Colehian towns,* Dioscurias, no h‘ss than one 
hundred' and thirty iiiterpixters were necessary' for the transaction of business. Allo^f- 
ing for CKaggeration, let us halve; the sum. Then let us halve the remainder, on tin; 

I df-trine that a moiety of the men offhusiness were Greeks, Armenians, Syrians, and 
'"other nationij, foreign to Caucasus. The remainder wilUstill he considerabh*. ^ 

Modem researehe.s liave confirmed ratbor than weakened the' impression left* 
by th^; references in Gibbon. The first eoileciors of Caucasian vocallalai’ies wore sur- 
prised at the number'of what they reasonably (and, perhaps, rightly) eonaidcrod to bo 
mutuaHv uni/itclligiblc of speech. Tlic genir’al philologucs wlio came after them, 
and worked in the way of^tho arrangement and classification, still admitted Iho variety 
of tongues. It ended, however, imthc establishment of the five primary groups named 
at tho beginning of the notice ; not counting the Annenian, Whicli no one but tho pre- 
sent writer makes Caucasian. i 

But thi8*was not all. JVhatever might ho tho citont to which tho Caucasian fonns 
of .speech differed from eac^ other, tbgy differed in a still greater degree from those of 
, tho contiguous countries. lijr the northern frontier this was not sm-prising, since 
* On the strength of this, the present writer has suggested tho term Dioacurian for the class. 
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then.* had been large conquests and corresponding displacements in the Kussian govcni- 
ments of Caucasus, Astrakhan, and the Don Kosak country. The*. Tmka liad overrun j 
those parts — so }ia(f the Russians. Ko wonc^r, then, that the line of demarcation on 
the northern frontier was (tear, broa^, anil Irenchjint. Eveiything that tdndi'd to J 
obliterate such transllional and intermediate varieties a.s miglil once have existed, had 
ta]»:cn place. On the soiitli, however, things wer^ iliffci'ont. Armenia and Kurdistan 
were eueli sueh tracts as Caucasus itscll* the probable occupancies of old and primitive 
f>opjilntions, retentive of old characteristics, repros^ntalivea of a long line of ancestors. 
Armenia and KuMstan, it inight rccy^onaliy be imagined, s*lioidd resemble Georgia and# 
Circassia. • • * • • 

They did to a certain extent; but not to tl« extint that^ idiilologucf! expected 
</ priori. Thi^ Armeigan language ,w^s a long time before it took a placc^in any philo- 
logical elass at all; and when it did so, itnas not in the c’ltss that conttfined tin' 
Georgian, its next door neighbfiur. To the east and wo^ lay the Black Sea and the 
Cas])ian. 

All this helped to isolate the Caucasians i« fhe Ihniied sense o f the term ; the •points 
v/hercin they most especially differed, bcutli from each other a»d from the eonliguous 
populations, being points of language ^ ^ 

T<et us now ^iirn to the conf>ideration of their physical eonfonnation. We have 
heard that, comparatively spcfiking, if is pretty unifonn throughout Oaucasus. How 
is it in respect to that of the populations around ? 

Th(' physical conformation of th(* Caucasians, in limited sense of the tenn, is 
dissimilar to that of ilio populations on th<* northern, but not so dissimilar to that 
of the popidatious of the southi'm, frontier. In other words, it is^ more Armenian 
and Kurd than Tartar or Ugrian. Jt is in the south where the displacement of the 
originally contiguous tribes has been smallest. This leads us somewhat in the right 
direction forfhe Caucasian affinities. ^ ^ 

^^’(* are led further, Avlien we discover that the difference between thi- tongues (V* 
Caucasus on the one hand, and of Armenia and Kimlijitan on the other, has been exag- 
g'aatcd. Some of the latest works on This subject have placed the (icorgian and Arme- 
nian in the sam(' class, • 

I'he present writer agrees with this arrangement. He agrees to the doctrine the 
Oc.)Tgmn and Armenian beijig in one fmd the same philological division. B\it he 
denies that this division is the one wherein the Annenian was originally placixi* Ho, 
consequently, takes exceptions to the transfer. Tie would retain the language that* 
othcEs remove ; remove the one tflat others propose to retain, 'J’he Gcorgian«iic would 
k^^op as it is — Caucasian. The Armenian he would not keep a.s it is ; i. e. in the same 
class with the Latm, Greek, German, and Rarmatian. The approximation of Uvo 
tongues is admitted on both sides. The only question is, Which is*to bo shifted 
“ 'J'he Georgian,’^ say the later investigators, Bopp and othersV* is more alcin to those 
Asiatic tongues -v^ich show Eui-opean affinities than it has hitherto been considered 
to he.” ^ • 

“ The Asfatic h^gucs,” says the present writer, “ which at one and the same time 
have European affinities and arc ,akin to the Cfeorgian, are more Caucasian in the 
limited sense of the^term tihan the current classification make.f them.” 

Of the Asiatic, tongues, with real or STipposcd Eur^ean a|finatics, one (the Armenian) 
is spoken to the south of Caucasus rather than in Can|&6ns itself, ^’he oticr, in 
respect to its locality, is absolutely Caucasian. It is the Iron, or (as it is oftencr calle^ 
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the Ossete. It has hocn mentioned by name, in ord( 3 r that the present state of oj>inion 
may he further illastratcd. For up^v'ards of forty years — over since the publication of 
Klaproth’s “Asia Polyf^lotta” — it has boon admitted to be wfiat is called Indo- 
Europeofj; i.e. to stand-in the same class with the Latin, *Oreek, German, and Sar- 
matian. X(»w tlif? sylloj^isni that explains ilni views of Bopp and Withers runs thus: — 
llio Iron is Iiido-Euro])ean, as^ojiposod to C’aucasian in the limited sense of 
the term — I . • * 

The Georgian is what the Iron 

f. Tile Georgian is lndo-Kiirop{;aii as oppijscd tp Caneasian in ihd' limited* sense of 
the term. •• c , « « 

For fhis Gie author woiddcrnhstituto— 

TJie Geoi-gian is* Caucasian •’'in the limitecj^ sense of the^terni, as opposed to 
Tndo-Euffopcan — « * 

I’he Iron is what the tJfiorglan is — « 

m> Iron is (kiu<,asiim in tlie limited sense of the term, as (»pi)Osed to Indo- 
Fairojifsan. * • , * , 

But tins, alter all,priiry be a mere nlEittftr of words ; ‘inasitmeh as the opjjosition 
between thd' words Cfwvi'vw ami /We-yvo’o/wo’i cnay be unreal, or immaterial. The 
possi])ility‘V>f this being the ease biing'^ us to tin ' investigation of ^\\t facts. Tlic&e 
lead to a wholly dilfcrmt scries of affinities; aHhiiticH incompatible with tbe existence 
of tbe Annoninn and Iron as lndo-Faroi)('an tongues, and the supposed differeneo 
between sueb groups as the 1 i%l^-Euroi>oan and Monosyllable. 

If the Georgian lie I ndo-Furoiiean, the (’hincsc' and Tibetan are Indo-European 
also. But this moans tliht aiijiihing or evc'ty thing may be Indo-Fiiroi)ean ; in otlicr 
words, that th(‘ term incaus so much as to mean nothing. 

The- closest affinities of the Caucasian tongues arc with those of the monosyllahic class. But 
though this' is a fact, it should ho added that the known number of scholaf A who believe 
yi it is small — 

“Nuaicro vix totidem quot 
Thcbarnm portas vel di\,*tis ostia Nili.’^ 

♦ 

Yet the affinitios of tongues, like the Circassian and jMizlulzhedzlii, arc not exactly 
everybody’s subject ; so that, fi^all as is the number who hold by the doctrine before 
the ^bader, it may, nevei-tbolcss,' contain a fail* iiroportion of tbe comiietcnt Judges.* At 
any rate, Mr. Hodgson, of N('jial, is one of them. A paper of his, in the “ Transactions 
«.,of the Asiatic Society of Bengal,” aild a tabled of tlic present writer’s, supply the chief 
X>uhlishc^ data. t.- 

The affimitics of the Caucasian languages are Monosyllahic, Thirt is the first material 
fact w'C have mot with. Lengthy as Ihc foregoing disixuisition has been, for a work 
like the jiresont, it has dealt with tiamcs ratiier than phenonusna. It has also given 
more to uAloarn tlian tjklcam. t 

But, though lh<; jihj^logical affinities of the Caucasian tohgnos ai’6 monosyllabic, the 
jihysieal conformation of the Caucasian in<*n and womtm is by no means either Chinese 
or Tibetan, Siamese or Burmese. It is not that of the Mdiiosy liable xiopidations at all. 

The physical eonformatiou of tl^ mountaineers of Caucasus icS akin to that of the 
PersianJi^ and the higjiar castes of India; it i?^ also, as eontraslod with that of the 
X)opuIations who spt?ak ^ho MonoP 3 ^abic tongues, akin to the confoAnation of iho Greeks 
and Italians ;r«. <$., it is lik« that of the Southern Europeans rather than the Horthcm, 
• • «VnrieUesof MaTi,*’p. 123. 
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Central, and Plastcm Asiatics. It is Caucasian in llic wide and loose of tlio teiTii. 

Xot that the cuiTon^ opinions on those points can ho taken witiioiii any reserve, — the 
opinions that look for tht^ehief niodcds of female hcauty aiuUnianJy slrenath^nongsl 
the i)roverhian 3 '- fine ^copulations of Chwrgia ajid Circassia. • * 

There is some exaggeration hero. As eoinpai'gd with tlieir ni'ighhouvs (.u tlie side 
of Tlussia — as coinicorod witli theii- n(*ij|Jihouj-s on the si|e of Turk y, the populations 
under notice are hapdsomc and weil-foi nicd ; and, *as there is a vast tvafiie iji fi'ujah 
slaft's for the harems of the Ottoman 'furks, the Ifest sauij^cs^of tlie two populaiious^ 
find thoir w’ay to Europe.* Froni lSie.se fbo rest are judi^ed. Agiiin, Uie Chvas>ian * 

w'iuTiors repre.senl the Caucasiaus of th^ nonth-^west ; ^nd it is upon theni that our • 

idi-as cjf the Ciieassian eouroniiation are based. l>Tit^ ’ireassi j (:Kid lM.< must hi- bonie 
in mind) is a land of %rt.'{^CvV — of lu;*h*t;aste nobles and of lo\v-#^iste plehftiaiis. It is a 
land of east(‘ and fcudalisin ; war Ir-ing, at one and the figTiK* linu‘, tlie oeeii})ation nf 
th(j nohles, and the nu'.ms hy ^^'}fteh the gr(‘atc.?t number iM.‘ iiulividuals are brndphi 
eoiitact witb th(' nations of J'iiirope. The c of those wli® have forim ihvk' 

ojnnions from residence* in Caucasus rath.-r tlian from the sluve-niailwts ofCJonslan- 
#Lmoplo is hy no means (»viT-fav<)urablc. "Pallas (ns quoted b\* Triehavd in IiL-n “ Na- 
tural History ofiVIan,” p. Hot) writ?sil«it the men, “especially amon;',st4Ue higher 
classes, are luost^- of a tall stature, ir ficrni h(*mg of^lierculeun structuie. 'I’hey 
are voiy slendt'r about Ibe loins, have small feel, and uncomnmn strength in their arms. 

'riioy possess, in general, a truly Roinuii and niuilial ai>j)earaiH‘t‘. Tlie women are not 
uni fomily Circassian beauties; but are, for 1h(5 liiosfpail;, will-formed, have a m liite 
skill, dark brown hair, and reguhu' feuliire.s.*’ He adds — “J[ ha\e met with a great m 
number of heuulics among tbem than in any other unpolished naiion.f,” 

I’his is the language of fair and moderate encomium, llcini^ggs, however, so i'ai‘ 
d' lilies thoir elaim to .supiTior beauty as to wrilo tliat he knows not “ wdiat can have 
given oceasioii to the generally riMjeived pri'judiee in favmir of the fiujiale TeherkcfSsiaiiH. • 

A short leg, a small foot, and ylaring rtf? hair, constitute a Tchcikcssian hciiut}"."' * 

I The main however, of their organizatioii lie in tlic stati*rncnls of Kla- 

1 proth — ^viz., that they have “ long faces, and tfiin and straight noses.*' 

Again, he writes that tlie Ahas.siaii.s, a tiibo of the Circassian.^, arc “ flistiu- 
gu4hod by naiTOW faces ; heads compressed at the sidcdl ; by the shortness of thi* H iw cr 
l»art of Uioir faces ; by prominent nosc.s, and daik brown hair.” • 

' This narrowTiess and compression of face, and Ahis prominence of feature, give ui;^ 
the main points in the anatomy the Caucasian skull. The nasal hoiie.-<, instead uf • • 

bting depressed, aje elevated, and the zygomata are straight and iianow instead (jf 
curving latcriJly outwards. 

There is no denying that these aic important modifications otf .siruclure ; at the 
same time, they arc by no ineau.s so^rcat as they aiipcai* h) ho when wc measure 
them from their* effects «n Ijjj^e features. A little diffircnce of clcvationna filigh.t 
change in cuiTaiure, I'onvert a flat and broad into a ^ompressed and i>rominent phy- 
siognomy. . • • 

At the same tiiic. the fact of the evidence of latiguago, and the c\id('nce of pliy^i' al 
fomi, indicating a (fiflbrent range ••o& affinities in the case ^'^thc Caueasiiim or iiios- 
ciirian populatioiisf must he admitted, and it must bo admitted as an cthiiologLcal 
difficulty. The iirinciidc that help.s us in tlic explanation ^ if is the foUowing^ — 

Thysical and plUMogieal changes may go on at different 

A thousand years may pass over two nations undoubtedly of the same origin; and • 
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wbicli were, at the beginning of tho^^ thousand years, of the same complexion, form, 
and language. r 

At end of tliOBCi thousand ycar^ there shall be a ^ufforcnce. AVith one the 
* language shall ha'vu changed rapidly, the physioid structure slowly. 

AVith the other the physical confirmation shall have been modified by a quick sue- 
(’es.'ion of external influences, (irhilst the languj^e shall have stayed as it was. Hence— 
fJ'ith mi assianefl or proved origkial identity 07i each side, the dijfermee in the rate oJ[ 
^aeiim on the part of thc^di^rent inJktencCH is the hey to all diserepanei^^s between the'Hwo 
tests. The lanyuage may rnnain in statu t^io, u^nils^ the •hair, complexion, and hones 
change ; or the hair, eompkxion^and oshokgy may remain in statu quo, whilst the language 
changes. * « 

AppOifontly this lea#*es‘ matters in an unsntfofdetory conditfim; in a way which 
allows tlio ethnologist iinyc amount of assumption he chooses. Apparently it docs so ; 
l)ul it<locs so in appearamic \mly . In reality m c have* w’ays and moans of determining 
whieli of the two ckinges is the likeliey. • 

AVe know what modifies /or;«. Chanj^c of latitude, climate, sca-lovcl, conditions of 
.subsistonee,«conditions *of clothing, &e., do tins ; all (or nearly all) such changes being* 
phy.sical. • • 

AV’e know, too (though in a less degree), whgt modifies language. ♦ New wants gra- 
tified hy objects with ntjw names, new ideas requiring new teims, increased intercourse 
between man and man, tribe and tribe, nation and nation, &c., contiibutc to this end. 

Still there is a good deal to \1o accounted for, — ^morc' than our prestmt limits allow u,j 
to enlarge upon, « 

The Cixcasfaians. — The division of the Caucasian (in the limited sense of the 
term) populations, which it is convenient to begin with, is the Cireassian, or, a.s the 
Uussians call them, the Tsherhess. As fiir as the few reseanjhes, hithortp m»ic upon 
i- tluj subject, go, it is the Circassian dialects that arc the most evidently Monosyllabic 
f\\ character. It is also the Circassian in >vhieh the greatest amount of relationship to 
the languages of U'ibct, and tlic w'cstcm partstof the Monosyllabic area, have bi'cn 
found ; as may be seen by the important paper of Mr. Hodgson’s, already alluded to. 
'Phe elementary sounds of the Circassian are harsh ; consonants are aceumulatod ; hiatus 
are Aequent. The declension is imor. There is not even a .‘sign for the possessive 
ea.se. , Tims, in the Absne dialect, ab z=. father, = hm'sc ; ah deS = faiher^s horse; 
^(verbally, father horse). In exprtssions like these, position docs the work of an 
• inflection. ^ 

Judging from Ho.-scn’s example, the use of prepositions is as limited a.s that of inflec- 
tions, sara s~ab dcH isfap = I m\hfathcr horse give, or giving am ; ^abna amns*w izbit = 
wood bear see^did ic. 1 saw a bear in the wood if awinU wi ad-whl^ = (in) hame two doors; 
act! sis*lit X (on) horse imunt-J-did. ^ 

ftenfp declension begins wdth the formation of tli^ plural number. This consists 
in the addition of the syllable h^oa. 

• 

=r horse ; uet-k^wa = horses. • ' 

, Atsla ^tree; atsla-k'wa^x trees. * 

= house ; awin^-Ic’tva = houses. « 

. • . • 

• • • 

In the pronouns there iajas little inflection as in the substantives and adjectives, t. c. 
there ^re no forms corresponding to mihi, nobis, &e. 



THE CIKCA*SSIAN LANGUAGJ?. 


1, When tlio pronoun si{?nifies possession, takes an inscpai-aLlo femn, is incor- 
porated with the substantive tliat aj^rcca with it, and is #- for the fii'st, iv~ for the 
second, and i- for the tlyrd i>crson singuhu*. Then for the ^hu-al it is A- for the first 
I)erson, for tlic second, ?•- for the tliijd : ab = fatlicr ; • * • 

S-ab = my faihci' ; = onr father. 

IP^-ttb = ihy father : n'-nh == yokr father. 

• 1-ah z=: his \ha') fat Jter ; r^ab^= their father. 

AVhen tlic pronoun is governed by a verb, ft is insfjparpble also, and siiiiilaily 
incoi’poratcd. ’ » * * • • 

3. Hence the only inscparahlc form 8f thu personal ^l)rononii is, when it goveriM 
the verb. In this case the forms arc : — * * • 

^ Sa-ra = f. * Jla~ra = we.** * • 

ira-ra thou. S'a-ra =^e. 

Vi = he. U-barV = they. ^ 

'I’hc verbs are not quUc so siinjdc. Thus tJi# root for the v('r]) fitio is c ivisl. •Krt»in 
ihii? we have c'wis'l-i?/;, 1 ride ; dwl^X-oitpI iMn ridinff; cs'wis'l-^Ji/, T ivas ridiny ; o'wis'l- 
d‘, Z have ridden i c'wis'l-e/it'n, I hud vidden; c'wis'l-fl^?^, I shall ride. The pfrsons are — 

• * Bitty idar. 

1st person, sara .v-c'wis'l-ot^ =; J am ridiny. 

2nd „ wara u-Vvf\^*VoU = Thou ^'t ridiny, 

3rd ,, ai /-c'vvisl-otV = lie ts ridiny. 


1st person, hara Aa-c'cwisl-aiV = We arc ridiny. 

^ 2nd „ s'ara s-c'wis^l-oit = Ve are ridiny, 

* 3rd „ nbaid r-c'wisl-o#Y = 2'hey are ridiny. 

• 

It is in Circassia where the feudal structure of society is the most strongly 
marked, and where the relation between the iwrkhy or noble, and the pshi, or retainer, 
is the closest. The Circassians, too, are most in the habit of selling thoir daught^Ts to 
the harem-masters of Constantinople and Egyjit ; a habit by no means laudable|^ hut 
still^ery different from ordinary slave-dealing. If a Circassian maiden stays at home, 
she is sold in mandage to one of her own coimtrymen, of whom she, probably (hut by 
no means necessarily), knows something heforchanct. If shipped to Constantinople, .she* 
is sold to a foreigner, lU'ccssanlj* unknown. On the other hand, tlie strangOT 'I’ui k is 
alfhost cci-toin to hc'a wealthier man than the Circassian tbllow-eountryman. 

Tlio divisions of ^hc Circassians are pretty distinctly marked by tludr dialects ; c^y. 
there is the form of speech spokem on the itbrthern slope of the mountifins, and along the 
river Kuban. This is that of Hie proper Circassians, Tsliorkesf, or, as they *0011 tljein- 
selvcR, Adiyhi . 'iTicn there are the allied tribes of the fiow/Ami^lopc, and tho%ea side. 
These arc tlic Abassiaiis. Thirdly come the easiet'n Cirsassiams, w'hoso occupancies are 
on the watcr^systcpi of the" Terek rather than the Kuban, and who inhabit the Great 
and Little Kahardah^ But beyond Jliese tlicre arcs several more obscui'c and isolated 
populations, resident in the more impracticable parts of their forist-cinctured iiiluintain- 
raiigc. Nevertheless, the tlircc chief divisions aro«tho9e <jf — n, tho Abassians ; h, the 
Kabardinians ; c, tlie Adighes. ^ • 

But it is only tho upper part of the Torek that belongs to tho Circassian area. The 
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^ TUE IRON AND THE GEORGIAN POPULATIONS. 

« 

head- waters of its middle feedt‘ra — almost all of which come from the southern side— lie 
in the couiitiy of ^ 

The Mizhdzhed^hi, or TAhetahentsh^ whose dialects^ separate them- from the 
' tribes around thcjp, hut of whom little is knowij besides.* 

Equally central with the Mizlidzlicdxhi, equally removed from contact with cither 
till' Caspian or tlio Blaih Seai, equally on tlie head- waters of the Caucasian rivers, are — 
The Iron." So central arc; ll\^‘se, that* tney occupy the wj^orsho& between the ; 
Torek and Kuban on the north, and* the Kur on the south, overlooking the wide vailoys | 
* of (lefugia, as well as touefiing the moiintaki deJMcs of thv Tslietshentsh. Their Ian- | 
guago falls in two (i>ibbably more) elVniarked dialifcts. Their creed is an imperfect 
Christinnfly of recoup origin th^dt* alh‘giancc (like that of the Georgians rather than 
the Mi/hdzlirf!tlyhi, and^ihe Circassians) Uussianii. • # 

'l’h(' Russians call and by tliis name they arc best known, //vh/, however, 

is tln^T^ativc one. Much has been written about then# and their language, which is cer- 
tainly 7nore like Ihg languages of the so-cQllcd Indo-Euroj)ean class than th(' others of 
the (Sni casus. , Indeed it is the Iri'ln ioiin of speech, iii)on which so much of what has 
foiTiied thej;»rcliminarit‘s to the class undSr nbticc turns. 

The ^eOTgiana.— The Kuban was thcrbicif river of the Oii-cassians ; the Circas- 
sians the chief population of the Kuban. Th(i Georjjiaus arc tbc sfimc in rcsja'ct to 
the Kur. 'I’he valley of the Kur is the favoiaetl i)avt of Georgia — the province of Kar- 
tuliuia, of which I’iflis is the capital. But there is u good deal of Georgia wliicli is no 
fruitful valley, but (on tlie cofitiary) a rude and rugged mountain range. These arc* 
the countric's of {<i) tho^Mingrolians, {b) the Jnieritiaiis, (r) the Swani. Finally, the 
d(‘scon(lan<s of tl!<5 amuent Colcliians, wlio extend along the southern shore's of tlie Black 
Sea as far as Trebizond, who are subject to tlie Ottoman empire ratluT than to Russia, 
uho are hlahomct.'ins ratlier than Christians, and who use the Arabic n]j)haljjpt rather 
than the) Kartulinijui, arc Georgian, as is shown by tlicir language. 

• At one lime tin* Georgian language probably extended far over the nortliem iiortion 
of Asia Minor. It has, however, bec3n (*ncroaclqjd iqion by the Tm’kish. 

'Hie Georgians are th(' most eivilizdtt of the Caucasians j the Mizhdzhcdzhi possihlj*^ 
the nid(‘sl. The Georgians, who rueeived their Christianity from Armenia, have 
retained it. '^fheir alphabet, too, is of Armenian origin, though (from the fact qf its 
letters bring (rhang('d from n square and angular to rounded and oval contour), consi- 
derably inodifi'*i and disguised. ^ • t 

1^0 religious and tivilizational history of tlie ot^cj* trihe.s is, rouglily and gonorally | 
speaking^ as follows : — t . I 

n. TIktc was first the original paganism, which, at present, injt.s origimil and un- j 
mtjflified form is, perliaps, extinct. At the sq^ie time, there can be but little doubt Giat, ! 
wh(‘n thc^oiiilfciy becomes bett,er known, wc shall find it showing itself transpai-ently ! 
thrcfiigh the creeds thaf^avc displaced it. * « « i 

h. Then there wajf an imperfect Chri'?tianity diifiiscd from Syria and Armenia. i 
Excel)! ill Georgia this has given way to , • 

c. An irregular Mahometanism, Avhich « 

d. the Iron countiy is bein]^ attacked the Russian missionaries. Speaking 
generally, hon ever, w8 may predicate of the Caucasus that the Hucsian parts arc Chris- 
tian; jthe in(^‘iKnd(nl,*MaJiometafi. 

JV/e Lesffiam belong to jHic; latter class, mid arc tlie most important members of it ; [ 
ipore^ so than even the Circassians. They are the most eastern of tho Caucasians, | 
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slTetching from tJic slioros of the Caspian to iSic Tshctjshentsh and Iron frontierti. 
ITicir area seems tt) Jaavo been eneroached upon on the south and east ; inasmuch as a 
wild population of the ]jrovmcc of Ghilan,*on the south si€e of the CaspiaA, called ^ 
Talinh^ is considered tp be Lesgian in bh>od, though, at present, Persihn in language. 

Daghestan is the country of the L(‘sgiana ; and the Avar, the Ansukh, tlie Tshari, 
the Audi, &e., arc the chief Lesgian (Tiajecls. The pvjphet wan-ior, Mhamyl, is no 
Circassian, as is currently supposed, hut a LcSgiaiiP 

^hc Annmiang^ lying south of Caucasus, rathiV than in CViueasus itself, wenj the • 
first of the group to be civiii:!od, t^) u^e an nlpliahet, and to cojiverted to the Christian 
religion.. Their contiguity to Syria did tfiis. HJnljcc th^ other nunnhers of tlieir class, 
the Ariiicnians arc spread widely over the world — ii#Turkey, iiiTIndia, in Russia — as j 
merchants and hank el's. * ^ • ! 


The Armenian is in g^'ograpjiical contact with KiirdikHan, or the country of the . 
Kurd.s, a population which belongs to * 

• • 

(IROTTP TV. — The PniisiAX Stock. Caucasian^rather lhaii Mongol. — 

Language : in its pn^sent state >ythhutfe\v iiifleetions. — Area : Kurdistan, Persia, 
Afghanistan, Ihluehistan, p^irts of ifokhara, the Eolilstan of Cabal,- IvTifirislan. — 
Dmaions : Hurds, Persians, Bilualn, Afghans (Puw^htu), Paropamisans (populations 
of Kafiristan and the Kohistan of Cabul). 

• * 

Tin* greater luominonee of feature, and tin* eoinparative naiTOwness of the :^ygo- 
matic space, which contrasted the Caucasian with the Ttiranian and ]\ronosyllabie 
groups, are found throughout Persia. Meanwhile, the colour of the skill darkens, but 
not to such an ext('nt as to create difficulties. Almost all the Cauensiau area is wood 
and niosntai^i ; tlic greater part of the Persian, a ti.blc-land— with an extreme teni- 
])erature. ^ * 

Tli(i language creates tin* chh-f diffii-ulties in the classification. I’hero arcs but few 
inflections in the Caucasian tongues. • There ajc also but few in the Persian. So fai‘ 
the two classes agre<’. Rut what if ibis Avunt of inileetiini arise from a ditferont^ cause 
in cacli In such a case the similarity is unreal. Nay, it becomes converted into a 
difli;rence. Noav such may be tlni (;ase. llie Persians may have bad inflections and 
lost them : the Caucasians may be without them, because they IniA'c luwffl' be«>Ji ^ 
developed. • \ • 

So far from this being a nion'^i^^iotlictical complication, it is one winch J,Lo majo- 
rity of sciholara b(‘yevc to he a real fact. It Avill, bowcA'cr, be better investigated 
when wc haA^c gont over llie whole of the group.s. It is noticed at i)resont, in o^der 
that it may hr* compared with the qucstit^fis indicated in the considbrajlon of the last 
group. There is doubt amongst philojpgues. 'J’liere is doubt|^s to the wa^ in lyhieh 
the Caucasian and Persiai* groups arc allied. That they arc ^llied is admitted. But 
the question is, Avhetln-r the Caucasians ai-o Persian, or»tho Persians Caucasian. It has 
already beep, stated that thw is no mere verbal question, and the fui’tlicr we proceed, 
the more wo shall ^ce of its reality find impoi tane<^ 

Like the Turk and Arab, tlie P2r^an is one of the three gijpat Mahiimetab families 
of the world — the original creed, for a great iiaxt at Jeast of its j[irea, having been that of 
the Zoroastrian fire-worshippers,— a creed still existent amngsiUie PaAees. Nor has 
Christianity always been foreign to the stock. It is Xsasouably believed that the 
missionaries, who preached the gospel of the so-called St. Thomas’ .s Christians in*lndla, 
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were PeniiaaaL ; Syna been remoter source. Indeed the geograpbioel con- 

tiguity of Perasa to Syria,"' Assyria, Babylonia, and Arabia, is thg main point in the 
a&id[y8is,of1liie elements ^fPezsian ciTili^tion. No stock have hithertd mot with 
has, at one and the same time, been so doselyrin contact with t^e populations of the 
Eupbrate^t, the Nile, and the ModitQp:tmean on tho one aide, and those of India on 
the oth^, I ^ ^ 

So exposed has Persia been to«forcign influences, that it is pnly in one remot^ 
^district that the populajioi^ is othenthan Parseo or Mahometan, modified and mifed. 
This is KaJlrUtany or^ the Zend of tho Kaftro ; an impracticable mountain- 

country on the watershed* between *tht Oxhs and &ie north-western system of tho 
Indus. No Europooiif and but tr two Mahometans, have visited the country. Tho 
following accsmnt, fioxn! Elphiostone’s Caubul,^ as tho only ofic there is of ^s im- 
portant population — imporhmt because, comparatively, unmodified in tho midst of a 
stock wmainent for tho heterogeneous nature of the'numerous influences that have 
acted gn it. t ^ • 

Mullah Nujeb, the traveller, *whoso account Mr. Elpinstonfi has given us, found tho 
valleys of tjho Eafiristbi moimtains welf-pebplod, each being occupied by a separate 
tribe, famBy, or settlement. Tlio proper term ii^ doubtful, since, although the Kafirs 
are said to be divided into tribes, it is added thgt these are geographical rather than 
genealogical. If so, they are scarcely to be called tribes at oil. Each volley, how ever, 
has its own proper population, and it is tlie occupancy of these respective valleys that 
gives rise to the different namel of tho diflbrent divisions. Mullah NujoVs list sup- 
plies the following names and herein wo may notice the frequency of the termination 
Jo, its similarity to the Pustu sj/e, and the consequent compound character of the words 
whereiu it occurs — Caum-o-;e, Kest-o-;;V, Mdndegul, Cam-to^i, Punino, Tewni, 
Pfinflz, Ushkong, XJmshi, Sunnfi, Eulumo liflso Turkuma, Nisha, Chximgo,, Waui, 
KhfiUum, Dimish, Ir&it, &c. Everything hero is particular and specific ; neither is 
there any general name for the Kafir population at all. 

The namo just applied is Mahometan. A Kafii* is an infidel, and Kofiristan is tlic 
infiders country ; so that the term is* simply that of a religious soot designated from 
its nd^tive characteristics. And it is inconvenient, since the populations of the 
neighbourhood ate akin to that of the Kafirs, but are not other than Mahome^. 
Anofhgr namo— or rather a pair of names, as little native, however, as the one just 
gio^ioed—- is suggested by their dress# One division of them is called tho Tor Kafir, 
or JfMt; tho other tho JS^tn Kafir, or Whtio Ini^el. Siapooh^ too, which means 
is a synonym to Tor Kafir. It must be repeated that $ is their dress oni^ 
not their oomplezi^ that has suggested those names. Some wear § vest of black goat- 
others a dresaof white potton : all, howjpver, are lisfhUeomptexioned, Tbieir ropds, 
whteh are^onl/ for men on foot, orP contu^ually crossed by ravines and torrents, 
Vbidh swinging bll&lgea axe thrown. Their villages lifo along jthe riopes of the 
in teriaocB ; so ihit ^e r^f of ono house forms the street to the one above it^ 
vsndli, at least, is the Muliah’s description; and these villages arc nauaerous. The 
Caunifoji ton such ; and Caumdau^ the largest of them, contamed five hundred 

' ijjili C^inndai^ Mul&fi Nujeh dbtain^ some insight into their raligicm. There, was 
in , a#ah%^ g4d^ l^hoso ;&me was Imra, a namo re-appearing in the Hindu 
irere|ldo!a beri^s,-4ddl8 which xepi^sented departed heroes, » 
vi^oilld intercede with Imra on behalf of^ their 
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worshippers. Sometimes male, sometimes ffmale — sometimes on horsebadk, some* 
times on foot— of^wood or stone, as the case might ho*— these objects of adoration were 
common about Caumd^ljsh. In the public^ apartment, too, of that T^age was a high 
wooden pillar, on which sat a figiyfe with a spear in one han^ and a s&ff in ths 
other. It represeiSted the father of one of the magnates of the village, who had earned 
the privilege of setting it up by a series of feasts given in the whole community. Hos- 
pitality, ire general, is one of the carSitial virti^s, by the due exercise of which 
on admission to ^urri U the Kafir Elysipm, is most effectually insured. The 
opposite to BuiH Ic Bulans JiwrnJ^gm Bula (Hades, Tfirt^s). * 

These individual apo&oose# prepare us ^ an almost^ infiilite variety in the Kafir 
Pantheon. When honours are local, the hero-%orshll]> wBl yary with fho valley or 
village ; and such i^reolly the In Caumdaisfi the chief deities ai%) as follow: — 

1. Bugish, the god of the waters. 2. Mauni, who ^cpcllbd Tdsh, the %vil Prin- 
ciple, from the world. Compare the Indian term M^pu. 3. Murrur. ^Uirum. 

5. Pursfi. 6. Gesh. 7-13. Seven brothers, named Paradik (co^pai'o Paradise), vrho 
had golden bodies, and^wore created from a^gAdon tsce. 14-20. Pur^n ; seveft golden 
brothers of the same kind. 21. Kuniyo,*the wife* of Adons. This i^ perhaps, the 
Mullah's view rather than that ol th^ Oaumdaish people themselves. 7^. Dissauni, 
the wife of G 4^. 23. Dfihi. * 24. Smijfi. 25. Nishti. 

One of the sacrifices at Oaumddish was witnessed by Mullah Nujeb. It was to 
Imra,^and was celebrated at a particulai' place near the village whore there was a stone 
post Before this a fire was kindled, and, through tha tre, flour, butter, and water were 
thro'tvm on to the stone. Then an animal was sacrificed,^ and its blood, Hko the flour 
and butter, thrown through the fire. Tlie flesh was partly eaten — partly burnt. One 
of the prayers was for the extermination of the Mussulmans. The worship of idols is 
performed nearly in the same way. Sometimes, however, instead of the open air, they 
are porfonfled in houses called Imra tTmma. Fire, though essential to all of these sacri^ 
flees, is not itself an object of veneration ; neither is any eternal fire kept up. its 
chief fuel is the branch of some particular, though unknown, tree. The priests, though 
hereditary, have no girat influence ; neither liave another class of religionists, who have 
the credit of procuring the inspiration of some superior being by holding their heads 
over the smoko of a sacrifice. Fish is the only aliment ihnn which they aj^stain ; 
hoof, and aU the other kinds of animal food, being eaten indifferently. There seems to 
be certain fixed days for festivals, on one of which they throw ashes at each other. 
There is always sacrifice on these bcoasiona, and always feasting. At one of them tlfe J 
boys light torses of a sort of jAie, tuid carry them before one of the idols, ^here they 
\hmw them dow£. and allow them to bum. At another, the women hide themselves 
without the village, and let the men search fbr them. When foun^ the women defimd 
themselves with switches, hut are finally carried off. • ^ 

When a child is bom^it is oaitiedPwith the mother to a fatuse, built fixr thepwpQse, 
beyond the precincts of the'^viOagei, where, for twenty-fimm days, they imnain— the 
woman, for ^ long, hein§^ considered impure. Whiin tfiis is over,, ho^ mother and 
c h i ld are bdthed, fod they return to the village, accompanied by daa^s and mnsioians. 

At naming, the chiU is held to whOM the names of its Onceston ar^ repeated^ ; 

and the one which is being pmuouiiMd, when the ohildlrigllill to such, is the one that : 
the takes. * * • ji * 

Betweentwentyandthirty thomennwy, and betiri|fo^tfteena»^ | 

woaien. The hridieiggwah sends aome cdothes and omamemhi to the ap^ 
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th6 materiolB t<a the znanjutgo faast. T]|e feaat is contained tiurougb the lughit^ «nd the 
next day the hnde, dveBsed, in 4ihe finecy that the hridegroom had^aent her, is token 
away by hhn* The father adds some article of dress to the c^ipage of the bride, and 
givofi the husband a cow, or perhaps a slave. Th^girl is then led out, with a basket on 
her back, oontaining fruits and walnuta, prepared with honey, ahd (when it can be 
afforded) a silver <nip. The whale villd'ge attends her, dancing and singing. The price 
for the bride la paid to the fairer a few d^ys afterwards. Sometimes it axsfounts to as 
many as twenty cows. The priest ^s no share In all this. Polygamy is allowed^. * 
oJultciy but moderately* puhished; and the^won^n move^about freb and unveiled. 
Th<^ do all the domoadlf and some of /he agricultural, awork. 

When a*Kafir dies, he is drU^sed hi his best clothes, and oztendtjd on abed, with his 
anna beside higi. The body and l^d ase tiicn oanjci} about by hig kinsmen, whilst the 
attendants at the funerad^danoe, sing, and perform a sham fight around it. Tho women, 
moonw^e, lament. From^mo to time, too, the b«ly is sot down, and then the 
weeping that takes place is over. At lengtii it is shut up in a oofiln, and deposited 
aittfa gi^imd, A fea» follows all funerals, tond once a-ycar them is a festival in honour 
of the deoeased, when scaae food is laid out'for^s manes. 

A visitor^of oondolenoe, when he enters |he house of his aiilicted acquaintance, 

I throws his cap on the ground, draws his^dagger, seizosHhc mourner b^^the hand, pulls 
I him up, and forces him to join in a dance round the* room. The rich wear their best 
clothes, and some xmt on block fillets, ornamented with shells — one for each Mussulman 
kOlod by the wearer. The fevs h^agucs which arc struck with the Mussulmans arc 
attended with the cesremony of killing a goat, dressing its heart, Intiug off one half, 
and giving tho otl^er to themussulman. 

They dance vehemently to a quick and wild music of tho tabor, tho pipe, or tho 
the voice ; and this is tlio chief amusement. They sometimos form a circle of men and 
women alternately, who move round the musicians for some time with j(fined*liandB, 
a«d then they all spring forward, and dance together. 

Their wxmdon houses generally contain a cellar for the cheese, clarified butter, wine 
and vinegar, with a low^backed bench fined to the' wall. Moqf remarkable, however, 
are thfir Boats. These ore stools, shaped something like drums, but drawn in, in the 
middlg ; and the tables are like them, only larger. Tho stools are of wicker, but the 
beds are wood. A Kafir, when sitting on the ground, stretches his legs like a Eimopeln. 
Tfaia, ofimbhied wilh tho use of chairs or stools, is one of wthe points whkh strikes their 
a* eminenitly eharacteristft. Bo doU their use of wine. Of this they have 

tlw 

of their warfare, the Kafirs ore deadibed at. aeoeiable' 
hogpitalily. The, people (ff a^fillisge isenie out to 
meet a stranger^esso him of his baggagor oarfy it finr hha^ end zeeeivehlm 

iSMpieik to be by hini, and ispieeiffied^ juteord- 

' of .4 Kafir, uneertaiiu Snadh. regnlor as 

. hkOe. pawsg^ > %,f!aliilio pmUem ■ the weatfier . Ihe 

fiSK ’inefe>:pmnkhM^ da ,1hear hy. Titles '.of thoir -mmUbey bm 

bmng^i>f«,Pashita .ocjii^ 

, the ^ Sinpmk' teke th«irr'riam^^,inato fhe 
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armed and shayen-beaded, the Kafir has but ^ long tuft on the ciwn of hU head, and 
two ourls over the ears. There is some diJBIponce, however, in respect to head^geor, 
if ho have killed a Mi^sulman. The hoir^s plucked from all parts of the face but the 
chin. This is wcll-bcarded. ^ ^ # 

The women d^as much Uke the men ; the chief difforcncos appertaining to the hcad> 
gear and a red fillet round tho head, which is die Kaih ecxuivalcnt to the Scotch snood. 
Both scxdS wear ear-rings, neck-ring^, *and wrii^t-rinaj! of silver, pcwt£*r, or brass. Tlicae 
4irc left off during mourning. The men first w^ar them on arriving at manliood, and 
their first assifinption is,a matter ^f festivity and ceremony.* * » 

All this chiefly applies to tHb common pec^lcs Tho weAlthiA* wear a shirt beneath the ' ^ 
vest in winter, and in summer a shirt in place oMhc vfiiit. Wijh tho womdn, the shirt is 
always the chief g()ymeut. Instep, too, of a goal-skin, the rich wea:^^ cotton, or black 
hair-cloih ; and sometimos a sort of white blanket of K^htri manufaotuire, which is 
put on like a Highland plaid j» Cotton ^wsera form another item in the moi;^ elaborate 
styles, worked with flowers in rod and black worsted, slit at il^ bottom, and hinged. 
Worsted stockings, o» perhaps woollen flUoidf arc sometimes worn : p ore haff-boots of 
M'hite goatskin by the warriors. • • # ^ 

It has been stated that the fcillipg of a Mussulman confers distinction. Until a 
young Kafir Ijas done this, h# misses many privileges. When, however, he ha.s done 
BO, ho wears, at the solemn danccs*at the festival of the NumminanU a sort of turban, 
with a feather stuck into it for every Mussulman that has died by his hand. The 
number of bells round his waist is similarly rogiilafii<^,» and so is tho right of flourish- 
ing his axe above his head in the donee. A red woollim cap, or cockade, is another 
mark. This is worn habitually. Those who have killed many, or^ct a high pole before 
their doors, in which arc holes. In these are put a x>hi lor every Mussulman killed, 
and a ring for every nne wounded. 

Xu thfs insures the unfortunate piistmcr of the Kafir death rather than slavexy. Hei^ 
the Kafir slaves— *and they arc numerous — are of Kafir blood. Their booty is deiiycffl 
&om their numerous intertribual wars, and from a considerable amount of private rob- 
bery as well. The e^ng steal from tho Weak, ovon within the some oommunity ; 
sometimes to keep the slave for his own use, sometunos to sdOl him. An individual who 
loses his relations soon loses his fireedom also. On the other hand, domestic Edavery 
18 noinordmate burden ; and, without being on the flail level of the family Of the owner, 
tho slave who is retained itf the tribe to which |ie belongs is not Ul'-usad. 

A bow, about four feet and ahalf long, with alcathom atariing ; arrows made of ^ 

barbAd,«iidacmiet^ a dagger of a pocuUar ihapo, and worn %n the 

eider,. a knife, a tiint, and a sortof back used as tmder, oonstitirfce the hameBS'Of a Kafir. 
VuMraas ai^ swords are but just beghuuttgto beused. Suipussajs and andniseSiai fine 
oaoniiMiiier than open wsrfiire : and of lliis mare takes ^scc by by day. 

The Kafir of. Eaflijrtan is the'ibouataiweer of tho itodl^ in J^hinoife MreM te 
His .om^ast 'is to be* found in 'die Pmkn of sa^ towtts Tsheian, or ; 

Ispahan; iilao amongst the Tajiks of Bokhara, whfi are iff PMatdfd^ kngoatge, , 
dihongh dbe dxBgDinant popiolatlon' k ITmlt Batennsdlate to •mcMttm are the 
Alii^baiie ^ whose kngiMiBa teeaBe^ and ‘toe WikAd 

iUf BiMyaton, jvhh whom 'the tooitoiia^nMr to that hf , 

of 'desert ' lA'AMi!aii;.>and''i)e^ lafiian QoM;.'J^‘'dtoM; ' 

ohmtotorOftlm 00^^ UMK too 
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Kafiristsn lies on the irator*8y«tein«of the Indus ; the Biluchi population extends 
into Sind ; Afifehanistan lies along the jndian frontier. This suggests that the next 
group will be — ^ , 

BrOXTP V. — ^Thb Stock. — Orffantsalion^ferahlc to Two Tj/pea : In one the 

skin, hi dark, the fisco br^, th# features coarse ; in the o&er, the features 
are regular, the head dof^o«kephaHc, .the skin brunette rather than black. 
•^Langtifigo : Modified by loreigfi admixture; most so in the iiorthem parts Qf < 
^ India.^^r«o ; India^ Ceylon, the*Maldiv^ islands, porta of the Monosyllabic fron- 
tier, the m^untains^ of the southern part pf Bdua^tan, ». e. the country of tho 
Brahdi., « o * 

Every ono pdmits tkat there are few countiicf inhere the ci3^cts of some second 
element of admixture sPo more visible than they are in India. Few, however, agnee 
as to thc^xact nature and proportions of this element. M is also admitted that it shows 
itself nowhere more ^nspicuously than in ^ the language. In the south, and in the 
more iidhracticable mountain ranges, thfirti is no doubt as to Its character. In the 
south, and in the more inpracticable mountain •ranges, so for as even the Bajmshali 
hills on the dfanges, tho forms of speech all b^lon^to a class called Tamul, or Tamu- 
HaUf though spoken with notable difiTeronous of dialect^ and even language. At the 
same time there is a vast number of words, even ib the purest of them, from another 
tongue, called the Sanskrit. jN^cvertheless, the Sanskrit admixture is not sufficient to 
obscure tho original Tamulian tburactor of tho tongue ; t. e. it never docs so in tho 
southern half of the peninsula at all, and it fails to do so in many of the more imprac- 
ticable localities to-vj^ards tho north. Even in Persia, amongst the Brahfii of Boluchistan, 
this Tamul class of language is to be found. 

But in the north this is not the case. In northern localities, find on level suriaccs, 
like those afforded by tho valley of the Ganges, the Sanskrit words arc so ^hiimerous, 
an(| tho Tamulian so comparatively few, that the class to which tho language belongs 
becomes doubtful, — tho only points whirix are universally admitted being the funda- 
mental difference between the Sanskrit and Tamul, when wc||fucoecd in separating 
them, ai^d the Indian origin of the Tamul. Whether the Sanskrit be equally Indian, 
and wl\pt it be if other than Indian, are points of doubt. 

Unto and any point of view, however, India is the country of two cthnologiciA 
influences, tho analyris of them being a point of minute ant recondite criticism— ^f two 
eti&mdogioal influxes; perhaps of more than two. It is the country of castes, of the 
Brahmuilo cod. Bhnddhist reHgiona ; of a teeming, iSgenious, and industrious, but 
raiely ind^antot, population. It is Ihe country of an ancient liferature, mxd an * 
mutot arehiteotiurc* It ia. a country wlto, whatever may have been the origr^ of its 
omjtivilisfitipn, to dviliie the msfority of the oountriea of the monosyUabio 
limguagas-Jtvu, Tibe^ Slini, and (mom than, is gdlierally believed) China. 

,To .the llp^dhaunie aa^ zeUgions, India .stands h. the same rdatlon aa 

; memeitalna preserve fragments of *ihe "Benifm. atddk in ita 

ao .do ,the n||npnxlra#>hi^^ pma^rm samples of Ihe 

an . opposed to those of tlm Brahxuini^ Budifaist, and 
dlime^|dyt>.tilb(mi^ tars almost whb% free from 'the effeots 
somo.as refomble 'tO'^ene dlam>as ^ 
are ;-*^BIitisaiidJEhoada; 
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the Bhils on the wostem, the Khonde on theteastem, side of tha peninsula. These, 
along with some ^nominations of less importance, cdhstitute what is called the Mill- 
tribes of India. • • ^ , 

With the Brahmimc and Buddhist populations the language g^s us the best linos 
of demarcation. In the south the Tamulian cjiaracter of it is sufficiently dear to be 
undoubted ; whereas in the north the ^onidcrit element Jmakes it equivocal. 

0 * To die foryicr class belong the Taunil (properf, the TeUnga, the Eanara, the 
inilava, the Malayalam, and the Coorgi forms o£»speeoh. ^ ^ 

b. To the latter, the 2?unjabi, the liAiltani, the Sind, the GujeratL tlio Bajputanli 
dialects, the Hindi, the Bengali^ and Uefiya, with othem. * * ^ • 

GROUP VI.— The Oceanic Gkoup. — Area: thc9^ Peninsula* of Malacca, Sumatra, 
Java, and the eSain ending in Timor and Rotti ; Bomeo^^d the diaindeading to 
the Philippines ; the Philijgpines ; the Bashi and Ba^ani Isles ; Formosa, Celebes, 
and the l^loluccas ; tho islands between Timor and ^w Guinea ; MadagiSbar. 
Divisions : Ampjiincsian and Eelsedo|Uiiiaa. * • 

The Pelcw Itdes, and Lord Kq^thSs Isle ; Micronosi^ (t. e, the Caroline and 
Maxianno Idands). • * 

Polynesia (t. e. tlie Navigator’s,* Society, Friendly, Marquesan,* aftd Sandwich 
Island groups) ; Roster Island, andNewZcalaud, 

The Fiji Islands. 

Now Guinea, and tho islands to the east thereqf (i. e. Loulsiade Archipdago, &c.) *, 
Tanno, New Caledonia. 

Tasmania (Von Diemen’s Land). * 

Australia. 

Language: Agglutinate rather than Monosyllabic. When Amphinesian, with 
pdtent«and recognised affinities to the Malay; when Kelamoncsian, with Malay 
affinities fewer, more obscure, and only partially recognised. ^ ^ 

Dhysiognomg : When Amphinesian, more brown (or yellow) than black, also more 
Mongol than Negro. When KeAenonesi^, more bliu;k than brown (or yeUow), and 
as much Negro as Idongol. ^ 

N.B. — ^The words nesos = island: amphi = around; kelanos = black {dark) ; 
* mikrosusiliUle ; polys^mmy; protos'=z first. They are all Greek. The •xpuination 
of their meaning is necassary lor tho comprehension of the terms used imour clas- 
aificatkm. * • 

9 • 

, With the In^jUm group the notice of all the populations of contmentaf Asia onded^ 
with three oxcoj^ons. The first was Arabia^ wMch is, in respect to its ethnology, 
Afiicon rather ^ou Asiatic. Tho seqpnd was the Namolio pojpilation on Bekting’s 
Straits, which is Rakitno, and American. The third was the sou^em cx|remity of the 
so-called Tran^'-gwtgetie^ or area, tho poninsifila of Malacca. QifibgrapM- 

cadiyi this is a continuariofi of Siam ; ethnologieadly^ it is sonffiihing very diffierent 
Rthnologioally, the peninsula of Malacca is b&hy rather than SioiaeBe ; it is also 
Oeeanio r^er than UonssyUdbie, It is Oeeanie^ but, with the excej^on of a small patch 
of ooimtcy on riA coast of Oaub^jia, it is the* oidy portion of the vast Opeanio ddoU'* 
paney 'whieh be]pngs to the mtismt cfAsia^ and not to tlA ^ldando of the Jndum Ar^ 
pelago and fhb Daafie e^lains IhePmean^ df the teny. Nhjip huiid^d 

and ninety«diie parts of tbh poiraUtion belbre ua are i|tod)e». Their dlffiirioh iiii im 
of the most extraordinary phenomena In ethnology. Madagascar is Olsimyc 
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■ thmi:' A^oBiQy thwTg^ froan And so soar the Mozambique eoiBst; and 

* Eaateir Idand, isolated as itis, i%pGeanio also. The 
Sandwich Islands arc Ocqanic, and New Zealand 

ItetoBbeelaair Bmaoh of tlift Am- 
JK^ WSm i^&inosiaiui.'-'By Amphmeaiaii I mean that divi- 

^ Oceanic population 'qrhich, %ram being 
jHDpBP found in New Zealand, in the Socd^y Isles, and ifi 

* JL^ Molutcas, may be said to surround the Kdae* 

nenofians,* who dfc limited to Tasmania, A^istra-^ 
« * 1,4'*- • J/F* « Guinea, and the islands between New 

^ Guinea and New Caledonia •(amjpAi = around; 


By Protpnesian Pmoan that part of Amphinesia 
4 '^\ which liipsno^Tosttho continent, and frdm which the 

' 1 Gfce&te diffusion took fts rise (j 9 ro^o«=^rs^). 

J^'y^ I It incltftesf along with the Malaccan peninsula, 
^ ^ / theialandsfof tie Javanese, Celebes, Floris, Banda, 

^ 1 Molucca, at01 PhiliJ)i>ino archipele^os, viz,, Su- 

^ I ' matra, Java, rfomeo, &c., &c. It begins with the 

ports about Sumatra and the Malaccan peninsula, 
•• and ends with the Philippines. I imagine that 
from the western part of Protonosia a few indivi- 
yJ duals found their way to Madagascar, and gave 
origin to the Malegasi division ; that fiom the 
HAX.AY. north-eastern parts (t. e. the* parts about fhei*Phi- 

lippines) iSkronesiawas peopled, t^i'a the Pelew Isles, Lord North^s Isle, &o. ; ^hat fium 
dio aouthem parts (t. o. the Isles of Timor and Rotti) ^ 

Australia took its population; and, flnaDy, that , 

&om the parts, at one and the same tiine,%astEm 
and contpal (such o& the Arm Isles), Now Guinea 
was peopled. 

fiftoh I hold to be the ofibets from Protonesia. 

Bnt tide liot all. The population of |hn)tonosia 
' is fitfied. In the towns on the sea-coast, and in 
oonxmercial localities, the i^igion is Mahome* 

' tan^-^thegreater part of tiiepopulation being known 
; by thewname Midapt,. With those the industry » 
i ooimaeicial and mitzi&ne. Butbef<ae fhe 
I of tiio Midkomkans them We Indian influences ^ 
at work, Fsagments cadysof these can now bo 
I flsiindif enciq^ ii^1ke.iting^^^ which is 

; creed and Hteratuoe at tl^ pnsseat 

I rnme^ Enlier than 1h iUhdu'hti^ is 
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Now theao ruder and more unmodified p^pnlationB of rroteneaia fiiH into two 
I divisions in rcsp^t to their physical appearance. There is a diviston of thein no 
darker than the ordinssT* ^dlays, and theaie is a division which is so far ^Imk aa to 
I take the saine plG^.o amoi%st the Qceanic tribes as the itlineopje did aolongst th^ 
I MonosyUabic. 

From this block variety 1 imaging that tho KeloefioneBian lidands were peopled; 
^ i. e. Now droinea from the Arms (there," or there^boutaj^ ; Australia from Timor; 

I ^ More than ^is, the Frotone- 
I siaxL Blacks arc peculiar in their 
I distribution. They are net limitdtl 
I to one or more islands ; whilst 
it is rarely that they form the * 
exclusive pox>ulations of those 
whereon they are found. On the 
contrazy, thdy are found in 
of the islands, and chiefiy 
among tho lighter variety. Hut 
[ they are always found in the 
interior or 9^re impnictioSle 
parts, and always as an inferior 
population. From this wo infer 
that they are the older occupants. 

Also, that the migration to Ke> 

Isononesia took place anterior to 
tho spread of the lighter tribes; 

L 0 . when JProtonesia Vas tohoUy 
what it now is partially — Kclm- 

nonesian. polykssiaics. 

On the other hand, ^ 

BUDsoneala. was peopled fi'om the nOkth-eastem parts of ProtonesiB, after the 
lighter population had difi^ed itself Colour and langu^ in^^te thus 

ipueh. And , 

was peopled^&om Micronesia; tho Bti*eean of populaitmttAithiia being 
taken rowid Kehenonesia. • ^ * 

Polynesia and Micronesia represent Eastern (or North-esatem) rrotone8ia,fas 
^ extendied in the pirection of America. WasUrn Protonosia, as extended in dhe diseotioti 
I of Afidea, is represented by 

Thm HfttogMl of^1lindmg«max.*--*That the language, at^ least, of Ifodagaaeair 
is Malay Tather than A&kan, is one af theanost remarkable facts in Btl!inolog|r< Yet 
the presonoe pf an al(^ populalifoa in Easter Island ^ equally < so* This giim 
importanee to the phyrical histozy of the the atady: of itsi ourrents and' 

wbiah is laroug|it to completion by mdHtime entesprise oan.itha perk ef 
the popfilation»t3iat oeeapy it Menee fisots like the, fisBowuiig wuit aecuimdatf 
iag:— • ' . ■ • » ■ ' , ■ 

s. Ci^taxa Seechy infium uaiihat he pii&ed .up^ ai^ia, a tonq>ut^veik. 



beloagiiigrtoCMttlalandtih^ SpaWf .aniljmli^^ ;ihia 

had been on a voyage to the latter, and by two successM gito from the westword^^'aM 
driven six handled tojies oat of her couxee, to Kdrtow idbout the twentiafibi 
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d 9 gt«>o of lumih iBtitade. Wlian reoeoi^d, she had on board twefttynsight men^ fifteen 
vomiba, end ten (duldren ; in fbet, the nucleua of a Httle ccddny; ^ 

b, Again : Captain 'Wilson found, whqp wrecked on the f elew Islands, in 8° of 
north latitude, and, 135° of east longitude, three Jidalay nnfriners ; and, having among 
bis own crew a Ma&y interpreter, he was able to communicate withlhe natives throu^ 
these Malays, who had acquired the rtlew lang^ge. The account which they gave 
of themse^es was, that in a v^age fiojxk BafSria to Tomato, one of th^ Moluccas, 
toudiing at Menado in Celebes, they '^ere driven by a storm on the relew Islands.* * 
^ ■ * * ' Again# a Japanese junk is^known to have 

rir^d to the cefist of Oalifomia. ^ 

* A Such, and such, like, are the chief facts rc- 
quired for thessomprehensian of the remarkable 
distribution of the more distant oceanic tribes. 

Thc^ FapnjAao of N&v Guinea, New Ire- 
JScbridcs, d;c., are Kolmnonnsians, 

.. Will ‘ wfth firiezled hair — strongly frizzled; far more 

p frizzB^ than is the case with 

TlM|,Ailatzalians, the second division of 

The thiifd division of the Keltenonesians is 

Vhe Taama&iaiis of Van Diemen’s Land, 
* ^ ^ jjjjK extinct, and, as such, claiming further 

_ • . ' ^ V* It is in Tasmania that domestic architecture 

appears in its very humblhst form ; yet 1}iia is 
only what wo expect from the low civilization of 
J natives, and the character of the climate. In 

»aw xBALAH&aii. mountainous parts of tho country the chief 

retreats were the caves and hollows of the tistricts, of which there is an abundance ; so 
that it m only in the more exposed plateaux that even so much as a break-wind is 
needed^ This consists of the branches of trees firmly wedged together, and supported 
by means of stakes. Crescentic in form, its convex side is opposed to the wind. A 
fire .is kd^t burning in the uninclosed ijpace, to the leewaxfi. Half a wall, and no roof 
^-Aiah is the sheltof of the Tasmanian.. 

* ^ Gnus baskets, waddies (or spears), a large shell carrying wator, some smaller 
, (mes ibr this purposes of personal decoration, are the chief artieles o{^ the fbrniture of 
the Tjiimanialllf > Mfixe essential, however, than of these were tho means Ibr kindling 

thrir firesi Thn to vfhom the present ‘detailB are more partiouhuiy dtte, most 

toeir Wemcpry supplies themVith no insjaneo cdja period when 
were obliged to drawsLpan their invention or ingenuity tor the drtificial prodnetton 
ef ihmM ; eo that the North American praotiee of ruj^bing two pieem of wood 

, togethei^^W'^ hi unknown. Eenoe thft imp&tsnoe of 

A pieipej^ toie ie eo kecmly tolt, that itfie never allojifad to die utterly away. Neither 

^ tomales making it their eep^ud duty to look 
to hasp #ght Its fire. It ia the tomsle’s dntyt too, to eitorr ^ 

J’ ,j‘v. ' ,'5 
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Their im^vemezita on the wnter — limited, of gourse, to the tribes on the coast— soeift 
to have been effec^ by catamarans rath^ than by true canoes ; and tho plants of 
these vere fastened toge^or by means of rush bands, or else akin thongs* The search 
after wild animals and tho«natural jproductions of the soil was tjieir business— the^ 
dance their relaxati(Si. 

These small migratory bonds recognised the imperfect leadership of the individuals 
who had thd greatest force of character 1 in»oth^ wor^, they had no hereditary, no 
'*rd|ularly elaptive, ohieftainoios. Another negati^ chaii^teristic was the abscnco of all 
such iniluenoos als otiginatp out of the pretension to divinatioif, theurgy, or witchcraft.* 
In sickness tho patient was roliefed or tAmei^edi as tlio cifte might be, by non>profcs- 
sional advisers, and the application of an ordidhi^ cHirurgery. He wal bled, for 
instance, with a flint,^r a crystal ghirponcd for the occasion ; ^and tho ^iend who bled 
him was the first that had the opportunity of doing s<^ one presumed to be 
specially qualified forisuch officas. Thei^womcn watched #vor tho dying, and jj^e dead 
were usually burned. ^ ^ ^ 

An imaginary spirit, ^lisposed to hurt and OaSoj them, and more espegially so disposed 
during the night, was tho chief clement lUcir mythology. There was olso tho belief 
of a world beyond the grave, whcrcih gfyno was to bo abundant, and the chfso success*^ 
ful. More specj^c, however, thftn these common and universal elements of superstition 
arc the following two customs, which still retain their ground. The one is the anxiety to 
possess a hone fit>m either the skull or the arm of their dqceascd relatives, to be sewn 
up in a piece of skin, to be worn round their necks, sufd to act as an amulet against 
sickness or premature death. Tire other is the fear jof ^nouncing tho name of a 
deceased friend.* • 


This is Australian and Polynesian also. 

Thp Tasmanians hSive generally been described as samples of the lowes^hrm of 
humanity, Imd that perhaps righUy. Tho details as to tho trouble they t|p|nbou1^ 
keeping up a souree of firo are important ; inasmuch as the difficulty they ^vo in doing 
so has led to tho statoment that they^alono of all human populations were, when dis- 
covered, ignorant of it. * 

In the Fiji Islands, the parts of Polynesia nearest to KelmnoncBla, the cohmnpoints 
01 ^ way, the longiuge another— tho one towards the Society Ides, "& 0 ., tho u^gequi- 
vocally Polynesian populations; tho other towards tho Papuan Islands. "W'crc these 
Kelmnonesian in the first instlnco ? ^ 

The following description is ^m the American Exploring Expedition : — < 

The Feejecans are a people of the medium stature, with nearly as greaf variety 6f 
figure as is found ^ nations of tho Oaueoaian race. The chiefs ore usually tall and well 
fonned, owing probably to the care taken of their nurture, and to thq influence of bltod. 
The common people ore somewhat inferior ; jtet there are fewer smaM aii|^ ungaisily 
flgntes anumg. them than |mong the l3wer orders of Europeafis. On the other ttand, 
the contrast very unfiivoorably with their neighbounsof the J^sHynetian stock. 

They lack ibiw Adi ronnd^;}imba and swelling muaolel which give sneffi elegance to the 
forms of ^*^rien41y and Navigator's Islanders. They arc generally large^jointed, and 
the calf .is saiaUinproportton to The^oeefc is also too Sheri finr d^e pi%^ 

tion, and the who^ figure wants elegance and softness of sftifiiner Their movements 

* ** Moral and tSiaraoterisflas of the Aborigines of Taam^a, as gatberediOroin intorooiirto 

xfiih the sUrviring remnant of them, now located in Flinders XShuk’* By the Her. T.Doto^ hito U 
binders Islsind.— ThfiMairim Jimmai e/ JVotoreit SelenM, Vbt I. , . 




* 
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and attitudes ore, coneeqttentlF, less and graceful 'tibon those of tho 

They aape, nevortboless, a strong race $ their war*oluba too ponderop, and are wielded 

with great power^ and they can carry vcrjfc heavy hurdena « 

%. « TbS jF^em physiognomy ditfif^rs ihm tha^of the Fofynmana^ not so mttdh in any 

particular feature as in a general dehosoment of tho w hole, and a decided approxiniatim 
towards the forms oharacterisiSc of tfie Negro race. The head is usually broad in the 
ooeipital region (which they c|n8id(^ a great Mauty), and nairowp tow^ds the top^ 
and in hroxil',*»thc forehead, ^though often of good height, appearing compressed at Ifie 
tiidOs. T3ie eyes are black and set rather deep, btst never obliquely. ‘ The nose is not 
large, and is generally % godd deal flattei|cd ; Hic nostftls are often larger latera^y than 
forwards, ahd the nosojls ihGn%iuj|hfiLeprosscd at the upper part between the eyes. The 
mouth is ^ndoi and the ^ps, particularly tho uppeg one, thick. 'Jttie chin varies,- hut is 
most coi^only short al&d h^ad. The jaws ore larger, and the lower port of the face 
far mo i^pr ominent than in Uie Malay race^ The choelt-boncB, also, project forwards as 
in the Negro, and nq,t laterally, as in tho l^ongo} variety ; notwithstanding which, the 
narrou^hess of t^u forehead at the tetnpfts*gives a greater widtlFto the face at the malar 
portion tliai^ clsowhoicg Tho whole fac% iS longer and thinner than among the 
Polynesians^ The hair is neither straight nos wettUy, but may be properly designated 
as frizzled. When allowed to grow without interference, it appears in^numcroua spiral 
locks, eight or ten inches in length, spreading out* on all sides of the head. Sometimes 
Uiese curls are seen much longer, foUing down to the middle of the badr. It is, how- 
ever, very seldom allowed to gfbw naturally. The young boys hove it cut very close, 

! and sometimes sliavc to t^c skm, like the Tahitians, In girls, befbre marriage, it is 
) oUowod to grow b>ug, and is coloured white by washing it with a solution of lime, 
except a portion around tho crow'n, which is plastered with a black pigment. After 
mairu||& it is either cut to the length of one or two inches, orTrizzlcd out likcv-tbat of 
^tbe meVl! in both cases it is ^qucntly soaked in colouring liquids, either rod or blacks 
%e men in general have their hair dressed so as to form an immense sonw-glohular 
mass, covering the top, back, and sides of the hei^. The arrangement of this chevelure 
is performed for the chiefs by profussionfl barbers, and is a work of groat labour. Six 
hoiuiw«aro eomctii&es occupied in dressing a head; and tho process is repeated at 
iatorvals of two or throe weeks. It is probably to guard agiedust disarranging ^is 
work that tho piece of bamboo which is placed under the nock in sleeping is employed, 
instead* of tlio ordinary pillow. For |hc same purpose tlJI natives usually wear, during 
tho day, a saSia or kartMsfytii very gauzc-Uko pjper doth, which is thrown over 
the lind^ tied dosi^ around^ the head, so os to have very much the appearaiic£^, 
of a tunbiou 

^.‘ThO: colour o| the is a chocolj^te<4>rown, or a huo mid-wayhotwaien the 

jet-black o{ the^Negro and the brownishAfoUow of tlie Polynesian, Thera oiw^lsoiwevnr, 
iwa fchad«» very distinctijr marked, like ^ bloSdo and bnpmtte copaplffikiaDs iai^the 
wMie race f besides aU fbe intenandiato gmdationl In one of tbeso shade* the biofwii 
and in tint other tHe ocipper. They do not l^ng to diiBts)^!d«st«s or 
d«iaa% hhtittie Ihto^ among all ranks and in all tribe*. nsriyes 

m miusf of thodMin^^ and crilfhe%hter<^o«ied people.^ Fstf ^ red 

JhtilSMiiS/ btit:ilLey ddftakt seem tO regaxd it asimythuig whidi’r«^iibiOB4irad^ 

n^yoA xnust not be confound^ with tho 
'' or bloodl^.of whom- 


« ' ft- 
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The real dlificalties of the Oceoale ckse lie in^tiho apparently abrupt lixica of idomal'- 
cation wbioh laep&iite the pritoiisy diviaionay especiaU^ the Kelsenoncsiaii from the 
Amjdunesian ; indeed it is only by conccntroidng'oar sttentioi^oa tiro black vai^etiQft of 
the Protonesiaii area, and by TOmexBboiang the likelihood of their otice having fonned^ 
the preponderating population, that wo can se^ our way to the connection. And 
even when t]^ has been done, the diffe|C!nce between th( Kehenoncaians thcmselvos la 
^remarkable. Let notice somo of the biackf of tkia sarjio Protoncsia. 

They have nqjt boon found in Borneo— at least they havp not been found so os to bo 
definitely described ; nor yet in Silniatrt. In the peninsula of Malacca, howovor,* * 
they have. They have been founS, and tfiey bavcf been ox^ino^.— the name by which j 
they arc denoted being Semong. Let us look at tb% ^loSr of th#i Semang shin. The 
complexion is dark; 'ttio hair cuifytuid matted, but not iriz|!led. This is ^^at Mr. 
Ncwbold relates ; premising that he had no opportunity qf personally judging. Mr. 
Anderson and Sir S. Bafilos desdfibo tliis^darknoss of complexion in stronger teipis. 

The Semang of Quedah has the woqlly hair, j^rotuberant belly, thick lips, black ^in, 
flat nose, and receding forehead of the Papo^. • 

The Semang of Perak is somewhat lo£ rude, and speaks a dflferent dialgeh 
More than one Malay informed ]^. I^wbold that tho Semangs wero osscviliaUy the 
same as tho Jokoe-gs ; having the sam^ hair, but a somewhat blacker skin. 

They live in rude moveable huts, constructed of leaves and branches, scantily 
clothed, and fed from the produce of tho chose, at which they are exi>crt Their 
government is that of chiefs or elders. Tho Malays adRifte them of only ixttening the 
head, and of eating tho rest of tho body, in eases of death. ^ 

Hero, then, is one of the populations coming under the category* indicated, being 
dark in skin, impraoticablo in locality, rude in manners. Yet tho Malay who compared 
them with Jokong suggested the unlikelihood of the distinction between the &cmmg 
and the other populations being very decided ; inasmuch as the Jokongs are Semang in ^ , 
everything but coloui', iv?iiist both Semanff and JoJeong are Malay in Umguage, • 

Now let us take the islands that Ije east of Java, and, of these, tho oastcon end. 

In Timor the skin darkens, the lips thicken, anS the hair gets fHzzly. In Qmbay the 
population is described by Arago as being black cannibals, with flattened noses, and 
thiokened lips. a 

Then as to their speech. Marsden calls the languages of tho Semang, and the 
darlwr tribes of Polynesia, JVcynVo; and having ^no so, remarks, “We havo^rarolj^ 
met with any Negrito language in whloh many corrupt Pol3mcBian words might not • « 

Hta detected. In t^ose of New Holland or d^tralia such a mixture is hot found. 

Among them no fi^ign, terms that connect them with the languages, even of other. 

or Negrito countries, can be disco^ipred. With regard to thc^ physical qualiliee 
of tho natives, it is nearly superfluo^ to atalb, that they are Negritos tho most 
decided dass." » • , * • 

This is important, if accurate; but it is not so. The Smhay, and two- other 
dialects^ vthe y^ugami and TImbora, are known to us b^seonty vocabularies of some two 
doaen wnrds; yet -fbOse give ns tho following ai|nities with Anatralian dialects 

1. Arntss^sriM^. Ombay ; ponn^ Pino Gorinh dialect of Auatsaluai ^ 

2. HaSut^ciM^ Otebay ; New Caledonia. *• 

3. Nose ass tWtmi, Ombay; maninyOf mandeg^ handetmey^ew Oal^doninj^.mMS^ 

Yen Bimium’s Laaad^ westom diakei; minty Hangerri |ii^ madd^ mngmrMxuD^ 
q,ttarie Harboinr. , ^ , • 
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4. Head=tmo(;t7a, Ombaj; ( = hait). Domley Island; moochi (shair), 

Kassied ; inmms ( =: beard), Bamlcy Islands ; eeta mooehi ( z=: bea|d), Majssied. 

5. K^c = ioici^houkc^ Ombay ; hovohcu^ hotdkay ( i=fore*fi]iger), Damley Islands. 

6. Leg z=^irakq, Ombay ; horay-natay Jbongv''orong diSlect of tjie Australian. 

7. Bosom Ombay; naewy pamlcy Island. 

8. Thighs Ombay ;* imna-mooh (s^oot), Wioutro dialect of thj Australian. 

The root, tiiiy is very general throughout Ausfoalia in the sense of • 

9. 'R^j^U-kap-anay Qmbay ; $oopoi ( = naTel), Damley Island., 

10. Stars = Mangarci ; Am«y, Wrrowjr, ^dney^ 

11. llia3A:=iianaragay l&^angarei Timbor^^ tamiray Sydney. • 

12. Head -^.jah^y JdangarA ; ^l^Wy King George's Sound. 

13. Stars kirtgkoMgy Timbora; chindyy Kin^Oeorgo's Souifll, Australia. 

14. ilLoon^ina)ty*onyy Jimbora; imttCy King George's Soimd. 

Id.^un = ingkonffy Timbora ; comgy Sydn«y. * 

16. Blood Timbora; gnooroiipy Cowagory dialect of Australia. 

17. * Head rz^kokorey Timbora; gogornSl^ Cowagary. 

18. apply lHI&ngarei; wapiy Damlc^ Island. 

Now l^^t us look at the Ami Isles, about sufty miles from New Guinea, extend- 
ing over a space of about one hundrtjd miles ,in length, and forty'ifiye in breadth. 
They are nearer New Guinea than they are to any of the larger isles wostwai’ds. 
There is no doubt os to the difFci'cncc between the natives of this group and the Malays, 
or Moluccans. The colour of fhe skin has changed from brown to black, and the 
stature has increased. Tlv) height of the men sometimes approaches six feet; but wo 
may say that thoioisual range is from five feet four to five feet eight. The chests arc 
broad, but tlie lower extremities thin oiF, and become disproportionately slim. The 
most palpable fact, however, connected with the Arm organization, is o:^c mentioned 
^ liy Mr. Earl, viz., that when some of the aborigines of Port Essington were landed 
(m the islands from an English ship, tlic natives mistook them for the inhabitants of 
some of the more distant pai'ts of their own archipelago. The hair is strongly cmlcd, 
and harsh, the of alkaline washes bSng general. 

"Wfeen an Arm islander dies, no one of his surviving relations thinks it right to use 
any «(irticles of property he may have left behind — no pot or basin, no weapon,* no 
musical instrument. The owner is no more, and his relics mu#t cease to be put in use. 
So they are aU broken to pieces, or tjirown away. Thexfthe body is laid on a mat, and 
« rested aga^t a ladder, until the mourners meet. A|. decomposition proceeds, attempts 
ore made to arrest it by the application of lime. Meanwhile, rcsips arc burnt in th^ 
house, and the guests hold a wake — drinking, howling, and boating gongs. Food, too, 
is t>ffored to tho gorpee — crammed, indeed, ^into the mouth, until it runs down and 
spreads ovgr thb floor. Dishes of chin# ore bc( to catch any moisture from the body; 
tho f alue of the dishes l^ing enhanced by tho office they have served.^ 

When a young mon^HU moir^*, he purchases his wife of her parents ; but tho payment 
is made by instalments, spread over several years. ‘When vnposscssed of property, the 
bridegroom elect travds amongst bis^riends to collect, taking isla&d after island, and 
often xmijdng an expedition of a wfiolc year. Ihis way he levies contributions of 
elephants’ teeth, porccllin, doth, and gongs. He returns, he is ftosted, and becomes 
betrotlvsd. , * * ^ 

To enter onolher man’a^ouso during his absence is a misdemeanour, for which a 
• * lientenant Kolfs ** Voyage of the Durga,** trau^ted by O. W. Earl. 
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piece of cloth, or some other article, is paid as To touch another man's wife is 

an offence still more heinous, for which the hne is propcytionately heayicr. 

The purest and^iost unmixed of the Aj^ populations arc the occupants of oas- 
tom islands ; in tho nortli-wastem parts they hecome mixed. • There it is where tho^ 
trade is most active, find there it is wh&e the Chinese, J avanosc, and Europeans 

resort for barter. Pearl oysters, edible birds' nosfa, and trepangs aro the chief exports. 
Those the Amru collect with industry, 19 p thoj are an a^ive, thriving population, with 
’Siipng industrial add commercial propensities ; not surly and uncivil to strangers, but, 
on the contrary, wcU-disiwsed and oj>on-t|impered, — addiethd to piracy in some loca-» 
litics, to honest trade in others. % 0 • • * 

Bladk and barbarous as much of tho Arm po]ailati(AL is, their language connects 
them with the Malays^and other Pro^ncsians, as tru^ as their form conni^cts them with 
the Papuans. *» • 

I am making out a case for %3nncctin|: tho KelajnoncsJ^ns with the Amphi^sians ; 
but I refrain from stating any opinion as to the value of the Iwo^groups, os well any 
opinion as to the value of any of iheir^sub^wstons. I also admit the great amount of 
physical and pliilological difference ; but adnlitting this, I also suggest to the reader the 
carofiil consideration of tJie great dilfiuren^c in tho physical conditions of areas like New 
Guinea and Australia, and areas dike the islands of the Indian Archipela'go and South 
Sea. I also rommd him that whatever may be the length of time, during which Micro- 
nesia and Polynesia liavc been separated from Protoncsia, the Kelainoncsian isolation 
is of earlier date still. • • 


Another fact, too, requires noticing ; viz., that Protoncsia is not the only part of 
Amphincsia where tho population has skins of two tints. !fhe samojocciu-s in Micro- 
nesia— -the same in Polynesia. Sometimes the difference coincides with a diffc 2 *ence 
of caste — .sometimes with a difference of locality. Sometimes different islands of the 
same ArchiptSlago arc differently characterized. Captain Bccchy's remark on this dis- 
tribution of this blacker variety is important. lie finds that it has a special I'clatiou is 
the geological structure of tho area ; *. e. that the lower and coralline islands contain 
tho darker, the higher and volv-anic islSnds thedighter, tribes. 

Other instances of a similar relation of tho colour of the populatiodBccupant jx) the 
physical conditions of the>parts occupied, will be found when we come to Africa. ^ 

^t present wo must return to the Turanians, and take thorn up at the north-eastern 
extremity of Asia; the divisions of them that are of special importance boihg the 
Ugrian and the Peninsular, These it is which leaj us to • 

• 

^ROUP VII. — ^Thi Americaks. — Area : The Aleutian Isles ; North and South Ame- 
rica — ^remarkabl# for the comparative absence of domestic animals. Physiognomy : 
Modified Mongol ; the departure from tho type being the most mafkod on the water- 
system of the Mississippi and the o«ast of l£e Atlantic. Lq^nguages : Agglutini^. 

Tho present vmtor confesses to no such misgivings as to thu origin and affinities of 
the great Amepcan group as find place in most works Ai the subject. He neither finds 
difficulty in bonnegfcing them with the Old World, nor doubts as to the part thereof 
from which they esme. This he jBnds in north«ea8te]|;n Asia, just what the d priori 
probabilities of the Mographical relations of the two continenMndicate. 

Hia reasons for thus making short work of a hitltorto lo]|}g question, lie in th^recent 
adfiitilonB to our geographical and ethnological knowledguffor the parts^o the west of 
the Rocky Mountains— for the northern parts more especilOly ; for Russian America ; 
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for New Oalcdonia ; and for the Oregon. It is only lately that we have known much 
of these districts, especially jn respect to their ethnology. More than this — it is only 
recently that the Ihr JFest of tht) ports between the llocky Mefontains and Atlantic 
has bedn at all carefuKy explored. M^at followed frj^xn ^his want of information 
It followed, as ahiattor of c<jnrsc, that our notions of the so-caUeA Bed Man of America 
were formed upon tho ludkma of the Alleghany Mountains, the Mississippi, and the 
St. La\n*cnce. But tliose wciv extreme samites — samples of the Amcriocn in his state 
of gi'oatest contrast to the Asiltic. *No wonder, then, that the conifection hetweeu t]i«iSi 
c was mysterious and mccAlain. iJ invostjgatoM doubted, tho want of data justified 
them. The 2^opulati«>ns x’hich wciji' tho ]i]i,elicst supply the phenomena of transi- 
tion wer» unknown or neglc#.ed. « * * 

Again ; there wtSs only ont^population comjnon to the 01(^and New World. This 
was Ihfc Eskimo, a p# })idation which at one and the same time occupies the Aleutian 
Islands, tho peninsula of^^iaeka, the Island of K^ditik, the greater part of Russian 
America, the coast of Uic Arctic fJea, Greenland, and Labrador. Hero it comes in 
contoiit with the scf^callcd Red ludiaiwo^ tho iflgonkin class.. 

Now, between tlii^ so-called Red Indioi^ of the Algonkin class, and tho Eskimo in 
geograidiicftl contact with him, there is a broad Jinc of demarcation — a lino of demar- 
cation Bo*hroad as to suggest tho idea, of contrast rither than connection. Hence, as 
long as we studied America on its eastern or iVtlantic side, we gof nothing from the 
Eskimo ; nothing from tho fact (apparently so important) of his being common to the 
two hemisi)heres, and (as suclij Jieing likely to su^iply tho connecting link between them. 
He -was anything but such a link. He was rather a knife to separate than a band to hind. 
Yet, on the Kr^fent or l\{cyic side of tho continent, this same Eskimo so graduates into the ■ 
American Proper, and the Indian Proper so graduates into the Eskimo, as to maltc* the 
distinction between the two groups as difficult as, on tlie cast,#it had been easy. Why | 
is this ? On tho cast the Algonkins, a conquering and intrusive poptilation, have | 
spread thomsolvcs northwards, and have effaced such transitional populations as may, 
originally, have existed between them and the Eskimo ; wheareas, on the west, the con- 
quests, intrusions, and displacements hsssre boon Thconsiderablc. The same phenomenon 
repeats itself fisowhere — nowhere more clearly than in tho northern parts of Europe. 
The Norwegian and the Laplander are strongly contrasto^very strongly. But tiiis 
con&ast disappears as wo go eastwards. Tho J^ap graduates into the Finlander \ the 
Finlalidor can bo thrown in the same group with theaLithuanian and Slavonian ; the 

* Lithuanian and Slavonian in tho salue group with the Scandinavian. 

Other phenomena, connected with tho distributi^ and displacement of population 
which we have observed in Asia, will rc-appoar in America— s.y., •the juxtaposition 
laege and amaU etlmological and philological areas. In Asia we ffifmd, on one side, the 
Turk tribes, spreiSSl over a space nearly^as Ihrgo as Europe, and that with but litUe 
vart/ltien— a typical instance of what constitutes a largo etiological area. Theg^ on 
tho othyer, hand, were t|^e dsatnessea of Caucasus, where we*‘feund, padeed* up within a 
tetf limited area, a iiinXtiplic% of mutually unintelligible iaagaages,^laagaeges that 
wm oonnted by Uie doaen and the soore— the Circaasiaii^ Georgh|p, Le^^ian, llCisjeji, 
aaid.itiaifiir nuboi^naite dialects^ So dhat within a flpiall geographteal range we bad, in 
juxtapoAtion with eadaether, the mtwinHtm of eif^nsion and the mammtm of lindtatiioii. 
this is what vm i&ifOl findatn Asmrica. * 

groups w^ bo no^d first-^^thoee of Kedh Amcrriea tufemg ihe 
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• * 

Th« Zaskimo. — ^Thc Eskimo arc eminently^ maritime family : maritime \<^ethcr 
they occupy islands like the Aleutian Archipelago, peninsulas like that of Aliaska, or 
broken linos of ooaA like jdioso that form the ^hore of the Arctic Sea. Even in Russian 
America, Greenland, and Lalwador, largo blocks of land as they arc, it is ojily ^ong the^ 
coast that the Eskinfo is distributed. 

The ISskimo is ono of the populations df“ Noxth AmcWca tliat stretch jill across th<* 
continent, fibm west to cast, from the Pacific. Common to l^v^^ i on- 

*ttiients, the Eskimo* aiea is also CQsnmfiii io two^neeans. The other populaiioii Lliat 
docs so is — * , j • ' * • ! 

The Atltabashan.'-Thc EgiEini%.nL hioftratijiL^ftarosit thc^contiuent, rc'aches tlu' ' 
open expanse of tho Atlantic oalhe etihm coast oMidbaAdor. The Atliubasl^n extends 
only to tho groat in^t of fi[iidaq|i'%>£iSiigr< Ke.mAen^ the llskirno, sq to say. At 
Cook’s Inlet, in GO^ Lat.^he afipws Iho Becdfic ; to^o i!t>rt]i of Poii, el son on 
the Atlantic — i. c. on QuisaiffiiiBay. ^ a general the souilioi'n linij^ of Hu' 
Eskimo is the northom fiaefit #10 jEjbhalMffikan : tho « 3 Etonsia& Joeing, in both cusch, 
from east to west (or hcij^MrtsmM. ^ • 

The Athabaskons, h 0 weve% 4 »tead liainf nfixth to, sooth, as^'mll as from cast to 
west, jmd, wha^t is more rciaeiicshli^' 12® Just as J,he Majiars 

of Ilungnxy belong to the oaeediiAlly northern stotfic^f.lheTTgriajMi which, liovr- 
over, they 'arc goographicolly a^arated by a wide interspaec, so 4u certain tribes of 
Mexico and California — on the way wgc of *heTropies-,-^long to tbotie 
Y('ry Athabaskans whose tiaisjoeaia the inksd ports #lbBusflian Jmemftt the norlhcaai j 
range o& the Rooky MouBtehiB,< Iho YaUey iOf the Haokeiiaic rxmir, the parts about 
the Great Slave Lake, aiid:ihe'pfa[^ about Lstko Athal)ati]m/*^whciteei^tiiU 9 Some 

of them lie within, Aaelic Cimle. 

I The gcneiol distr3iRilaD& of thu-Athabiuikans is moate important than tin; details. 

’ The chief tf^bes, howem^ ore — the dh^^wyans , (or>l?oi1iltezii Tadaawy so called) ; thc^ 
Reaver Indians ; Ihc BalMNdinni ; the Strong-bows ; the Hope IndiM; ‘ tlie Dog-ril'K ; 
tho Yellow-knives ; IheTahi^ (ertkeriers) ; ;'ihe%iSBi ; tho Loucheux ; 

and the Konay of Cook’s Inlet, along -mith otker onaor IhA® 

To these wo must add the outlying aafltww pf ttf dariyffi, Califoftiia, c, Maxico. 

a. In Oregon the Athabaskans aa wa iit nf' Hitcc sviiL^ibes, of which the fir^ two, 
tbe Kwaliokwa and tho Tlatshanal, noninStang each of idhout one hundred individuals, 
lie at the mouth of the Coluilfbia river-^^«8ie ijiorth, the other south of it. I^o tlurd 
tribe, that of tho Umkwa, lying on tho river so called, nru^bers about four hundi^.^ 

, ^This is in 43 ® N. Lat. * 

b. In Galifon&a the Navahos and Jecorillas, wild tribes of the desert, are shown by 
their langnaga to te Athabaskaa, as are some olher smaller Califorjuan tribes. • 

e. lu Jiexioo some of the Apatohes are Athaboskan; so £hr sonth^iave^Athabaskan 
o&ettfsbeedAsiBid. * • • 

to whichltha tribual coganisation prevfdls may be seen from Iho follow- 
ing list of nqpies : — ^ * 

1. The* Tautf/^f or TtUk^Un; 2. the TaUkbtm, or €7iiUokin; 8. iko Naahotm; 4. 
the / fiv Hhe -6. the NjdadMttm; 7. the NUhadutin; 8.^ the KatU>‘ 

^tuUni fr^’the ; 10< the^ndsAiduftfiy and 11. Indians. 

T%eae axe the sK^-^visions of a single AlhiAaskan ^vision, the TafcuU^ of New 
Osledioaria,--^ example of which forms tho Frontispiece^ the present volume. 

— ^Ihe great Algonkin class extenh but little to the wert of the 
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at of the Eakuao. heTerthdosa^ it is the laq;aat of «U the North American groups. 
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THE SIOUX AflrO THE CHEEOkIe TRIBES. 






the Euiopeiuis the lro(|ii0ii warriors ^ere isiore feared than those of the Algonhins. 
At one time the head of the Algonkin confederacy was on Iroquois chieftain. 

The Irequofl and^ 

tioxu ; and they m-o e 

cast of the Missis- ' • 

sippi, and their origi- »>:*-» w^aa am, nucKFooi AL(,oKi;w.-i.RuATirK ieoqi oi.. 

^ ^tcb. woe the region of the forest rather thon the prairie. The region of the 
prairie rStlicr than the forest, is tlic occupancy of 

The Siouac. — The volley of tho Missouri is Sioux ; the foot of the Rocky Mttiii- 
— ^ Sioux ; the Red Rivfer is (northern) Sioux ; 

^hc Arkansas is (southern) Sioux; fce greater part 
of the hufialo country is Sioux. , 

So much has to be done, in respect to ^e clas- 
" ^a/WL sift<Jtttionof the American tribes, that the valiie of tho 

^hR\ foregoing groups is anything but imlfoStn. Tho 
fq»99B^ |!|K Sioux and fl^uois, Ibr hmtance, should ptohMf Im 

subordinated to some higher dctiminatiQn ; and this 
/ higher denomibatio& should probubly eoutaiu the fol- 

lowing uectiottst<^ (huo&na^ 

^ • SS^KDlwfhkEwi, ClhoUtM, uuft Osfaui of 

Toneesi^ South Oaroliq% Missks^^ Louisiana, 
florlda, Alabama, and Georgia ; 

Tliw VaMo of Tbxas. 

0!f thess^the Cher^^ iaime of the few s(HUalled 
* •bavttce naticfns tAbdoh^l increasing, 4aad not de- 
A BEMwoLs tqjna ( rec )$ ja naatbew. Ij is sdso the most indusftiial * 

of oil the American families; the Cheibkee landho^^ having, m soto# oms, as 
much as five hundred acres under tillage, attd posseisaig OjtreB as wsR. Ijaady, 
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a native Chorokeo has reduced the ^nguage to writing — the alphabet being 
syllabic. • 

The Paducaa. — The form of the area occupied by the Paduca cltflss is remarkable. 

' ^ extends nearly from sea to sea, like the Athabaskan an^ Eskimo, but its direction 
is oblique. In the (Oregon territory, and on the middle Columbia, Jiopulations called 
the Wihinast and %oshoni appAiach t&c Pacific. In Mexico and Texas, and on the 
Bio Grande, a population called the Gum|nch* tpproaches the Oulf of Mexico ; the 
Oumanch, Iho Shoshoni, and th^Wil^nast being equally Paduca. Other members of- 
the class, spread eastwards, m the direction of th^Plattc and Arkansas rivers, west- 
wards into the Californidn dcfiiert. • • # 

Such arc'tho larger ^oups, Ihe size of whose areas remind us of those of the Thrks, 

^ Mongolians, U^pians, &c. — the rulo^bcing, a large areji with a coyiparativcly uniform 
population! Wo must eaf^cct^ however, instances of the converse phenomenon as well, 
viz., the gialoguos of the Dio^curian distribution. ^ 

For the populations now about to be noticed, the areas will he either moderate or 
small, tlfe differences within them being tosmdcratdc. • 

The change sots in «s we approach thi) Mississippi, when differences begin to 
increase, and distinctions to broaden. The TJehe,«the Coosadas, the Alibamas, the 
Taenzas, the Pascagoulas, the Colapissas, .the Buuxi, thesChetimachas, the Ilumiis, the 
Tunicas, the Pacanas, the Natchitoches, the Adahi^ the Opclusos, the Attacapas, take 
us firom Florida to Texas— the bulk of the Texian aborigines belonging to the Caddo 
group. Most, if not all of tlicfic^ appear to differ as much from each other as any of 
the moro distant members of (say) the whole Sioux, or Algonkin class. It should be 
added, however, that our information concerning them is very imperfect. Of these the 
Natchez require further notice, inasmuch as their customs remind us of those of 
the Mexicans. They practised human sacrifices on the dpath of their chief. 
They not only worshipped the sun, hut (like the ancient Bomans) kept hiumitfg an 
A^cymal fire. Their religion so far acted upon their social or political constitution, as 
to develop a sort of caste-system, the principal chief being the Great Sun, and his 
children, Sun#; whilst the portion of the^trihe, n(fl supposed to he so descended, wore 
destitute of civil power. Their nobility was transmitted through the female. 

The Attacapas, too, demand notice. Judging fi-om a. specimen of their language, 
it is one of the tongues of America whereof tho original monosyllabic character lias 
3'ct to become agglutinate. ^ 

• Further north, amongst or in contact with the Sioux, the Biccarces, Pawnees, and 
*‘Ahn©nin have yet to be classified, a 

But the multiplicity of small or moderate populations attains in the < 

parts between the Bocky Mountains and the Pacific. Pi'occeding from north to south, 
fhe Kolueh ^oitfo first. In tho parts about Sitka, or New Archangel, the 
Koluc^ characteristics arc^pretty definite.* As boqii, however, as we move northwards 
and eastwards, the lines of demarcation between them, the Athahoskans and the 
Eskimo grow indistinct. For thc;^ ports, and the parts south of them, the ooast-linc 
is broken, the islands numerous, and the populations maritime in their habits^ 

The liaidah occupy Queen Charlotte’s Islands, &c. — « 

The Chdanmeeyan ; Obijpfvatoiy Inlet, and the about 55** N. £at. — 

, TheBilleehHla; Iho mouth of Salmon Biver, 54’’ N. Lat. — a 

The Mmltea;e^e coast asj^ as T^couvsr’s Island — 

Nhtkane ; Yancouver’^ Island. — 
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In the interior, and on the water-system •of Frazer's Eiver, lies a family of con- 
siderable dimensions, falling into divisions and Bi\l)di’rision8, viz., the TsihaUi {Atha^ or 
Skuahwap), • • ^ 

At the back of, the Atnts and on^the Eocky Mountains are th<^ Eitunaha, or Fl^^^ • 
bows. These touch the Blookfoots on the east-ptho Blackfoots being Algonkin, 

The Chinuks are on the mouth of^the Columbia, a population falling into divisions 
^,^and subdivisions^ a population of wliich*the j>hy8^al appearance, as described by 
Pickering in the United States Exploring Expedition, i^ as follows : — ** Tho personid 
appearance of the Chinook differs sS much from that *of the aboriginal trills • 

; of tb^ United States, that it -id^aB difflbult at 4irst to recogn&e the affinity. Taking ^ 

I them collectively, they are even inferior in staAu^ t^ tho trjbes of InteHor Oregon ; 
i the general form ra shorter airi gnore squat, and the facq is rounder and broader 
when viewed in front. Instances occurred of a faimos^of 6bmplexion, wfich I have 
not seen in other parts of ^original America ; and in young children colour 
was often not strikingly deeper t^an qmong Europeans. TJ^e oblique eye I have 
s(‘.arcoly noticed in diher parts of Amcrifca^ nor such frequent di|fieulty ifi distin- 
guishing men from women, wheth6r youth or age. • Tho arched nose was, 
however, very prevalent among %ho Chinooks. The beard was not qlways abso- 
lutely wanting, but it occa^onall^ attained the length of an inch or more. One 
man had both beard and whiskers, quite thin, but full two inches long; and in 
other respects ho much resembled some representations I have seen of the Esqui- 
maux. . . . The head is artificially dattenedski infancy; but as tho children 
grow up, the cranium tends to resume its natural shape, so that tlio majority of 
grown persons hardly manifest the existence of the practice. Ope effect, however, 
seemed to bo permanently distinguishable in the unusual breadth of the face." 

This , flattening of tlTo head appears and re-appears in several parts of America; 
the parts *on the Lower Columbia supplying numerous instances amongst the Chinuk 
populations, and amongst populations other than Cliinuk. Higher up on the Coluxqh^ 
comes another family— 

Ike Sakaptin — ^tho first of the Oregon tribes for industry and docility^ rare charac- 
teristics amongst the inland tribes of America, though not amongst tho maritime. 

Divisions and differences still continue ; indeed Ihe details of tho ethnology of South 
bregon and California consist chiefly in the names of obscure tribes, speaking mutually 
unintelligible tongues — YalAn, Kalapuya, Lutuami, Saintskla, Shasti, Palaik,* &c. &c. 

The vaEoys of the Gila, Colorado, oud the u]^pcr port of the Eio Grande, give us,rin 
the Moqui tribes, and the so-callbd Indians of the Fueblas, an approach to the industriaT * 
condition of anefent Mexico— viz. an incipient agriculture, and a masonry of stone. 

ITte Tima tri&s, on the frontier of Sonora, arc also (for Americans) industrial So 
are (or have been) several other tribeB^)f ^nora, Cinaloa, New Biscay — others being ‘ 
rude and wild. * • * • 

In Mexico the civilization attains its maximum ; in Me^co, Central America, and 
Yucatan. Jut it is a civilization which has gone by — found only in tho mins of great 
buildings,* and ip the accounts of historians. 

At present thv Central Americans, wl^en oocjipants of the isolated mountain-ranges, 
are mde and wild, preserving, in sAne eases, an imperfect ii^cpendonco. The Lacon- 
dona Indians, between St. Salvador and Honduras, arc Jtest samples of this dass^ 

The tribes of the Moakito coast give us tho other ext^e, viz., Guf effects* of mter- 
mixture with both whites and negroes, along with the bsonsequent loaa of ethnological 
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chAraoterijituis, and i3ie xude virtues whiq^ they might, as savages, have possessed. It Is 
those Moskito Indians who occupy the country about Grey town and Bluefielda, between 
the Republics of Nicaragua and Iloncfuras ; who have their chic^ settfemont near Cape 
4 (jpeias h I)ios, and who cldim the mouth of the river San luan. It is the Hoi^itos, 
^o consider ^‘mselves to be wholly independent of tho Spaniards^ but protected by 
the British, to whom their king has asai^cd such territorial grants as wo now hold on 
their coast. They have been the cause of^poiitfcal complications betw’^oon •'ourselves 
and the United States more thanV)nce,^and arc likely to be so again.*' They, and tho ^ 
tract thoy occupy, their pcditidal lights and thgir political pretensions, Ull want more 
notice on tho pait of the* English public* than t^ioy ha'v met with. They are clearly 
and definitely separated from th* tribis aronnd by their language. This requires an 
intCTprotor to make it ihtciligible fb their next neighbours. It js eminently smooth 
and harmonious; rarely ^vMerates two consecutive consonants in the same syllables, 
and wants the sounds of / tnd t\ It has taken but few w’ords from the Spanish, 
though several from the English, y. * 

(to, lip (boof^. * * t * ^ praise 

Ae»m, haras. • * * mustf mbs. 

caf, pus ^uss). ^ t God, God. 

gut. ^ Deni, Debit. 

aee, herico. • Iveaven^ heben. * 

mule, miul. mercy, mersi. 

damstip hoy, kuorko (puerco,^) bless, hies. 

ei(fee, kapi. thanks, tant. 

tobacco, twoka. * thousand, tausan. 

sugar-cane, kemo (oona, S.) lend, lend. 

salt, sal. hair, hire. * 

a;ce, hasa (hacha, S.) work, wurk.* ® * 

itulfisha is the name of the cvilTSpirit, Liwaia of tho water-spirit* 

At the hack of those, and southwards, lie tho mountain-tTibes of Nicaragua, well 
described by Mr, Squicr ; . and On tho Lake of Nicaragua, according to tho state- 
ments of many on carlior author, now verified by the wiiteir last mentioned, the remains 
of a Mexican colony, charactoiized, even at the present moment, by the use of the 
Mexican language. • 

In CocHarica and Voragiia we haVo tho Indians of the ksthmus— Western Veragua 
beulg the country of the ancient Doradhos, and tho country of the ancient Dorachos 
being rich in arclueological remains. The tombs are of tFO kinds. Oiie consists of 
flat stoiios, put together after the fashion of coffins, and covered w'ith soR— the contents 
being earthen vases, rounded agates, and small images of birds in stdhe— eagles most 
probably— such as,ar5 found in Mexico, and on*tho Moskito shore, It seems to have 
been thc.custdtn to wear thegi round the nock as ommnonts. The more frequent form, 
however, of tomb is tho l^irn, a rude heap of pebbles, in which wre fHhd no eagles, 
no omamonts, but only one pr mpro^toncs used for grinding com, At Caldera is to be 
found a rock covered with figures. Onof “ represents a radiaflt sun : it is foUowed by 
a aeries of heads, all wiHt some vamtioiV scorpions, and ffintastic figuijps. The top and 
other sides Have signs of i^qrrculu and oval form, drolsed by lines.’* Height, fifteen 
feet* Chamoteis,.aniBch^op. « * 

* « THtossetifin* tk^merfean Btbnological Society, tqI. U. p« 237. 

.j^senum’s Yoyage tt» ** Herald,” vol. i. p. 3i8. 
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But the Boraehos are extinct ; so that it is only in northern Ycragua that Indian tribes 
still exist. These are the SaTanerics, who are most numerous near the village of Las 
Palmas. One of meir ohiofs considers him^slf to be the descendant of Montezuma^ and 
to a certain extent his succi^sor and ^presentative ; since he sends every year a loga^^ 
to Santiago to protest against the occupancy of ^the Spaniards, an^ to assert his own 
territorial right. They hunt, and fish—at least they poison the water with tbe poynded 
leaves of tie barbaseo.* When a dead body^is tc^bc disposed of, it is wrapped in ban- 
dages, dried over a fire, laid on a scaffold, with ^eat^and drinh beside it j and when 
dry, interred. *West of tl»c Savanttrics,«and in Panama, confe the Manzanillo, or Stfti 
Bias Jpdians; and beyond thesc^f on tlK^Rivqj* Ohepo, thc^BayoSios — warlike, aud inde- 
pendent. Then the Oholo tribes from the Gulph*of SAi Miguel, on the jSouth of the 
Isthmus, to the nm^ttm frontier of^Bcuador. Thej^ maj" be traced along tlie coast “ by 
their peculiar mode of raising #eir habitations upon i)ol^ si? or eight Occt ‘above the 
ground.” This form of architogtttrc willgappcar again, ». ^^when we cometjo IFaraws. 

The contrast between larger and sinall^ areas, which wo have already seen in Asia 
I and North' Amertea, fepeats itself 4* America, where the pidaguol of the 

• Athabaskans, Algonkins, &c., am as foXow*: — • ^ 

The Qliichua slock follows the li]|e of the Andes from the equatorto 29** S. Lat. — 
spreading, in ,ono point, as lar eastwards as Tucuman. Like the 'Algpukii^^^ tin* 
Quichuas have encroached and conqticrcd; and just as the Iroquois area . is surrounded 
by Algonkin occupancies, the Aymaras i^ctwcGn 15'* and 20” S. Lat.), arc surrounded, 
i or nearly surrounded, by Qniehuas. The Quichua is name of the language of Peru, 

I the ancient civilization of the Qniohuas and Aymaras being that of the Moxicans and 
I the Yuoatecos (or people of Yucatan). * , 

1 The Caiibs.— Tlio Cnribs take tlie same j)romincnco in Yencznla that tlie 



i C41UB8. * •* • 

• l.—Jfaetai. ^ 2.— Jfivcu#*. 

Quichuas do in Peru, extending from the frontier of Nqjir Grenada tc# French GuianEc^ 
as weU as in English, Butch, Spanish, and Brazilian Guiana, the muperons 
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diyisioDB and subdivisions of the Corib groups, constitute the bulk of the Indian popu- 
lation. In Trinidad, too, part, stL Ic^st, of the early population iras^Oarib, as it ^so 
was in the AutlUes* Caa^ibaHsm, and the habit of flattening the head, are Corib 

‘ ^ 

The dubibution of tho Qniohuas |s unique. Their area is luge, and, at the 

same time, mountainous. Nowhere else does this^conjuction occur. As a general rule, 
mountains isolate ; levels connect, ^ut tfic South American veas^are remarkable 
for another peculiarity. Thc^ aro greatly determined by the courses of rivers; being ' 
■fhXbiatile^ so to say. NoV the Orinoco, and •the Jlio Negrs», are the Carib water- 
courses. ‘ • 

. • a 






Arecwia. 


But far more remarkable than any of the Carib phenomena is the distribution of 
The ^naienl. — It matters litdo from what point we Iftgin to consider it. Perhaps 
mouth of the Amasons is as convezuent as any. If this be our starting point, we 
zz^y follow tho coast southwards, and in the dircction*of the Kiver Platte. In nino 
cases out of ten, as often as the earlier Portuguese adventurers came^^lpon an Indian 
population occupying the sca-shorc, that population spoko a language which they called 
Thpz, Tlfpmaki, ^Vpmambis, or something similar in the way of a compound of tho root 
tup^ and whi(3i Uiey found tPt> be mutually intelligible witli the forms of speedi spoken in 
several distant districts oKsewhere. If they landed on tho parts about Bahia, tho 
language was akin to what they hild previously heard at Olinda, and what Jhey would 
afterwardshear at Bio Janeiro: and so on along the whole 6ca-boaxf|. Hdneo they 
weroTupi forms of speech os far^orth^ the Island of Marajo, Tupi» forms of speech 
as fhr soul& as Monte Vtd^, and Tupi forms of^speech in all (or nearly all) the 
intervening points of tho evast^ The Ushermen of the Laguna de los Patos spoke Tupi. 
The Oahetes of Bahia did the*iamc. So did the Tamoyos of the Bay of Bio Janeiro ; 
and so the Tupinaki, Tupma&bi, and Tupinaes— tho Tupi Proper. This made tho 
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Tupi peas for the leading language of Brazil ; so long, at least, as Brazil was known 
imperfoctly, or alc||Lg tho sca-ooast only. , * 

I It was soon, howovci% noticed that, as a general rule, the '{'upi of Brazil spoken 
! to only an inconsiderable distance inlgnd, ». tintil one got to tl^ province of Soi^ 
Paolo, going southwards. In Goyaz, in the hil^-ranges^ of Pernambuco, Bahia, Porto 
Seguro, came forms of speech wluch those who spoke the »Tupi separated from 
^heir own, — formsjof speech of the barbmans (so,to sav) of the interior, as opposed to 
tho more civilized mariners of the coast. Tho Botocudo, t]^e Canarin, the Coroado, tlic 
Coropo, tho Macliacari, the Camacon^ thcf^cnhami, the Kirin^ the Sabuja, the Gran* 

, the Tiipbyra, and a vast list of otticr Brazilian Iitdians besides, were different from and 
! other than the Tupi. But this distinction betwetn^th^ coastigen and the inlanders 
I ceases as we go southwards. • • , • ^ 

I In Entre Bios, Corrientos, and Paraguay, the Tupi tongpc was spoken inlwd ; but 
not under the name of Tupi. • In Entire Bios, Paraguay, &e., the desigi^’on was 
Guarani. This gave via a. Tupt^Ouaram cljiss c. languages, in w^ich it was not very | 
incorrect to say that th(?Tupi were tho Guarilnfo^ Brazil, and the Guofoni the lupi of I 
! Paraguay. The chief difference was a vtrbll and nominal one.^ ^ I 

But Ais was not all. On the wlttersked between the rivers La Plata anjJ Amazons, 

I oji the frontier gf the Aymara dbuntry, and in the Peni^dan province of Santa Cruz 
i clc la Sierra, throe other tribes spoke a language more or loss Guarani, viz., the 
1 Cliiriguanos, the Sirionos, and the Guarayos. 

Again, on tho rivers '^'’’apo and Putumayo, and otlm^fceders of the upper Amazons, 
the Om&guas, Cocamas, and Oocamillos were Gunrani. And — 
j I^astly, all along the main stream of the Amazons wc find populations akin to 
, the Tupi, Guarani, or Omagua, whichever uamc Vo chose to apply. 

. No^ this Omagua? Guarani, Tupi, or Tupi-Guarani distribution is eminently 
I f. it follow's the lines of tho great rivers. Hence tho best provisional view 

i that we can take, as to the diffus^n of so important a stock, ma^ be to consider the 
Siriono and Guarayo districts as tho original localities. These arc common to two 
j river-systems ; so tliat, starting from these, th* Omagua and Cocama branch may have 
{ reached the Amazons, whilst the Guarani reached tho Parana and Uruguay /ivers. 

!( \ Still the view is only provisional. ^ 

* Next to tho Peruvian Quichuas and Aymaras, the Guaranis give us some of the 
ic?t civilized tribes of Souths America. On the other hand the Mundrum*oi the 
Amazons, con he shown by their language to be Guarani; the Mundrueu servinf ^ 
as the very typo and standard of^avage wildness. 'When a Mundrucu has slain an 
enemy, he cuts of^his head, extracts tho brain through tho occipital foramen^ washes^ 
tho blood away, filft the skull with cotton, and then converts tlio whole into a kin^ of 
mummy, by drying it before the fire. The gyes he gouges out, and Jfic fills up tho 
orbits with colouring matter. Thus |)repared, the head is plated outside hif hut.* On 
festive oecasipnif it is pladbd at the top of a spear. Such is thg history of the head of 
an enemy. Those, however, of friends and relations tro preserved, and kept— though 
with certaiit jifiEerences of detail. Thus, on certain days dedicated to the obsequies and 
memory of the dea^ the widow of tho deceased ^cs lus skull, seats herself before the 
cabin, and indulges either in melatcholy lamei^tation, or fierce cncoiAum— the 
assembled friends^eanwhilo dancing round her. • ^ • 

^he CliUeno-Patagoiilaiui.-'The name is more^xprossivo tUka convenient. 

It mdicatos, however, by its very composition, the magnitiide of the group to which it 1 


a02 ^ TIIK CIIILENOS, •the rAMPAS|, AHD THE PATAGONIANS. 

applies. When vre got into Ohili, wo «arrive beyond the limits of the Qulchuas and 
Aymaras, and a new family makes it^ appearance, extending over Ch^i, over the whole 
of the country south of th^ E-ivor Platte, oYcr the islands of th^f Chiloc Archipolago and 
•^iorra del Fuego. IJs divisions comprise (a) the Cljileno (or Araucani^) Indians ; (A) the 
Pampa Indians ; (c) the Patagonians ; ^^0 the Fiiogians. 
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llic ^rangc of differences, in respect to physical form, is wide in this group ; the ! 
range of diflferencea, in respect to the geographical conditioift under which tlusy are found, 

, .being also wide ; e. .7.. there are the Andes of Chili, Ihg level plains of the Pampas, and 
, insular character of the parts about Cape Hom ; not to mention the fiict of South , 

America extending further in the direction of the Antarctic Circle tli^n any other part 
. of th|» jworld. ^ 

The minor divisions, the analogies of tlio Pioscuiian and Oregon groups in Asia and 
' Xorth«Amonca, are numcitas. Thus — * 

In contact with different parts of the groat Carib area on the drainage of the I 
, Orinoco and Hio Negro, we have*the Maypuri, the Saliva, the Achagua, jtho Taruma, | 
Hie Ottomaca divisions— all hilling into subdivisions. On the ITapes gmly, a* feeder of 
, the Etc N^pt) from the west, Mr. WaHace, the best guide in the8e«parts, enumerates 
thq following tribes ; — Quifianhs, Tarianas, Anan&s, Cob6u, Piraiurfi,^ Fish, Oarapanh, 

, Tapfira, Uaracd^ Cohidiasu Tucunder^ locami, Miriti, Omhuas.* 

! ** 

• ** TtraTsIft on the Amaadn and Rio Kegro,*’ p. 481. 
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Thoro is notlimg hero (it may bo said) but nvnes. Bo it so. The nmnber of them 
shows the extent to which the populations of South America arc broken up into small 
sections. Multiply^ the ^otc given list by .the number of rivers in that continent, 
and, large as would b© the rewilt in thc^way of divisions and subdivisions, it would not^^ • 
be an incredible one? 

The famous burial cavern of the Ataniipo, near the cataract of the Atures, on, the 
Orinoco, belongs to a Salhra tribe, now cxilnct,or amalgamated with some other. It was 
Visited, and has bocif described, by Humboldt. The o^ivenfttaclf was natural. The number 
of prepared hodioi amounted to nearly sixdiundred, well presetted, regularly arrang('d,* • 
each in a sort of basket, made of tke petitdos of ths palin>trc^, anS called by the natives 
majjf'res, in form like bags, and of the size of the bodyithey dftntoined. Some wele no mbre 
than ten inchos, others as much t^iree feet, long f some held* infants^Bomo adults. 

The bodies, more or less bent, were so carefully placed inai^ tfibm that no rib? none of ' 
the smaller bones, seemed wanting. The first stex) in the ^*<^0088 of preparation was to 
scrape off the fiosh from the bones with sharp stones ; the second to prepare tnc bones * 
themselves. There wera throe ways o/doingstMs. One was simply to dry and Whiten * 
them by ^exposure to the sun and air ; anotlAjr was to stain them with annotto, or the i 
Itixet Orellana ; a third to varnish thena wi^ odoriferous rosins. Besides these bags or | 
boskets, earthen vases, half-baked, were found in the cavern, containing bones, | 
greenitdi-gray in*colour, oval in fonn,*and os much as three feet in height and five in ! 
length. The bandies were mad() in the shape of crocodiles or serpents, the edges i 
bordered with meanders, labyrinths, and real grecqj^ in straight linos, variously I 
combined. 

On another frontier of the groat Carib area, in British Guiana, we ftnd,^as tribes hitherto 
unplaced, thoWapisianas, the Tarumos, and the"V^ 3 lu:aw ; the latter having always com- 
manded the attention of ethnologists, Ilis occupancy is the Delta of the Orinoco — a 
swamp ;* as is a considerable portion of tlio sea-coast to the south of it. If it wore not for j 
the straightness o'f his hair, the Waraw (writes Sir Bobeit Schomburgk) might be takei^ 
for a Negro. Doubtless he is darkftkinned ; but I do not imagine that be has the Negro j 
lip. ilis skin is dark, and dirt gives ifitni.sity its natural darkness ; for th(^ Waraw j 
j is un(!lcanly even for an Indian, Ilis language is er-rtninly unintelligible to ^ his 1 
neighbours ; neither has it been placed in the great Carib class, wide and capacious as i 
theft class is. Ncvcrth('le.ss it is far from btdng wholly isolate. It has miscellaneous | 
affinities, and plenty of them, ^ut the most notable oharactcrislic of the Worawis hi^. I 
industrial a<itivity as a hoat-buildcr. This funiijllie.s nearly the whole of DeiniTan# ' 
with canoes. They arc made eithir of the Cedrela odorata^ or of a tree called Bisi, and ^ * 

* lire somoiiTucs liftyjeet long and six feet broad. * j 

'WTien a suiiabh^trcc has been found, the Waraw builds a hut in its ncighbouihood, j 
which, ho occupies as long as the boat is dyeing built. The floor ol* the hut mu^\e « 

some feet above the level of the ground ; and mis is effected by selecting a spot where 
the ita-palm grows in thick clusters. This is dodeed to the reguisite height— the root 
and a part of trunk being left standing, Tlic trunj: of the maneca-treo is idicn cut ; 
into planks, sifd made into » floor. Clay is laid on the floor, and a fire kept buniing | 
on the clay. The*.jra«*c<w*ia sacckap/era supplies the thatch. Meanwhile the boat- 
building goes on. By thus elevatiflgdhe floor of fiis dwbUin^^ Waraw es^apos the 
floods of the rainy jieason, which raise the water of the numerous mouths of the Orinoco 
several feet above their banks : Sir B. Sebomburgk saysjthreo or foma otbert from 
twenty»flve to thirty. It is different in different localities Baleigh came in comtsf^t 
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with tho Warawfly whom ho deacribeo* under the name of Twitivaa, adding that they 
fall into two divisions—the Cia^oanijaiA. the Araweete ; that they are a goodly people, 
and very, valiant that in summer theyyhave houses on the ground as in other places, 
t * winter they d|rell upon the trees, where {jhey build very artificial towns and 
houses; for between May and September the river of Orinoco riseth thirty foot 
uprigh^ and then these islands ore overfiowen tj^enty foot high above the level of the 
ground! saving some few raised ii% the* middle of them ;* and for this* cause they 

are enforced to live in this ipanner.” • ^ 

* * The undoubted peculiarities of the Wara^ have been exaggerated*; and they have 

been described as men who* live in trees-jsa afhoreal ^rietiee of the human species — 
even as urtoreal species the finu^Ubmo. 

In contact*with the (^rani come numerous t^hes along th%^Amazons-> numerous 
tribes between the Oufmiand Carib frontiers— numerous tribes of the interior (t. r. 
the ftoM-tjhmrani parts) of Brazil. Of the number ofsthese, the following list gives a 
notion. It is one (apd an imperfect one) of the JRrazilim tribes which arc not Guarani, 
BotocuSos, Canfrins, Goitacas, Macha^oK, Pa^ichos, Camacons, Malalis, Cacriabas, 
Xiriris, Sabij^as, Cumanachos, Gachincsis, *Arffiis, Chumetos, Pittas, Tactayas,, Games, 
Timbiras, IJaccahirys, &c., &c. Most of thesg falbinto divisions — ^many into divisions 
and sub-divisions. * 

Betv'ocn the northern frontier of the Quichuaff and tho Isthmus of fcarien come the 
tribes of New Grenada ; little known, and, to a great degree, extinct. Tlicsc, like 
those of Brazil, arc counted bysthe dozen or the score. 

Tlicn there are the parts on the eastern, or Bolivian, side of the Andes. 

To belopg — ^the Turacarcs, tho Mocetcncs, tho Tacanas, the Apolistas, the 

Moropas, with divisions and additions.^ 

To Bolivia belong-— • » 

a. In the Mission of Jlfbzros— the Muchojdon^s, the Moxos, tho Baurcs, tho Itonoma, 
*tke Ganicbana, tho Movima, the Gayuvava, the Itcncs. the Pacaguara. 

h. In the Mission of the Chiquitos — ^tho Ghiquitos, the Saraveca, tho Otuk^s, the 
Govareca, tho Guruminaca, tho Guravdf the Tap^i, the Curucaneca, the Corabc<}a, the 
Paiocopoca. 

Ip the district called CAaco, on the rivers Pilco-Mayo and Vermejo, feeders of the i 
Biver Platte, we have tho greatest amount of independent tribes, chiefly referable td a 
class cdUed Ahiponian. To this belong, with othcrs,cthe Abiponians Proper, the | 
Ihbocobi and Toba, the Longuas, *the Payaguas, tho Matagayos, tho Guacurus, | 
j)Grhaps tho Gharruas, known, at present, only M fragments; whole sections of 
it being either extinct or incoiporated. The original divisions, Lowevet, were as" 
follpw • 

1* The Ghaijruaa Proper ; 2. the Ghay^;*3. theGhan&s; 4. the Guonoas; fi. the 
Martpdaned; 6. tho NiUsancs; 7. tho xaros; <3. tlio Minoanes; 9. the Gaaiguas; 
10. the Bagaez ; 11. thg Tapes. Of these the Ghanks and Niboanes hahabited, at the 
arrival of the Spaniards, the islands of the Uruguay, at the junction of the Rio Negro4 
The Guenoas and Martodanes connected themselves with th£ Portuguese of die Gdlonia 
dd Sacramiento, and were at ramity.with tho Yaros and Minoaneg.'' Tho Chayos arc 
the fixvt that disappear history, probably frdm^aving become amalgamated with 
the Yaros. * e , * 

The*Ghamflui Proper, fr^ the time' of Solis to the year 1831, have lived the life of 
a nation of waniors, with thfeir hand against every man, and every man's hand against 



THE CIfAR|tUAS INDIANST. 36J 

them. Unintermpted as was their hostility to tlie Spaniards, it was equally so against 
the other aborigines ; so much so, that in no ease do wo find a common alliance against 
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the common enemy to have existed ;-*on flic oontrary, the war against the Mamalucos, 1 
the Tupi, and the Arachanos, were wars of extermination. And so was the war against ^ 
the Spaniards; except that the Spaniards were the cxtcrininatorB. In 1831 the | 
President of ITraguay, Rivera, destroyed the Charruas root and branch ; so that al tlio j 
jwesent moment a few cnslavq^ individuals arc the only remains of that once tcmble i 
nation. • 9 

From eighty to one himdrc# families lived under the direction of a Tubirchf), or * 
%emi-hereditary chief, and when danger threatened the Tubicchus met and chose 
amongst thcmsclvci a leader. Whoever is chosen commands the obedience of the rest 
—the election is half council, half feast. Chicha is drunk ; woifiidij are cxliiliitod ; ! 

exploits are recounted ; the most worthy is scfected from his ppers. After tlfis firq^ are | 
lighted as beaedhs, and the warriors of tribes meet from all paii|, W’hcn they can moke i 
the attack, they do it by night, and at the fuR moon. ^ 1 

I believe lhat this savage scmi-heroic character of the Charruas is a fair sample of » 
the -wulder and md^ unsubdued Indians of Chili, f atagonio, and the Gran Chaco ; also, 
that it is equally true of the Araueanians as described b^^rcilla, and tlfb Pampa 
Indians of Sir E.*Head. And what is this but a repetition of^e same features which 
wc see in the corresponding parts of Korth America ? when we have got*beyond 

the tropics, we find the Algonkin, Sioux, and Iroquois 'mriors, conterminous with, 
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and (as the present writer belieres)* passing into the feebler lilBkimo — ^thosc latter 
bearing the same relation to*thcjr southern ncighbonrs as Ihe fhiegians do to the 
northern ones. , » <• 

Details could^till be added ; but the gcnci^l distribtCtion of ];ho South American 
population over their large small areas has, perhaps, been sufficiently attended to ; 
sinoc AiHca, the soiith-westiafcn parts of Asit^ and such parts of iEurope as arc not 
Turanian, still require notice. • • * * , ^ 

Afnea and the seiith^ilrntlflfn pnrts of Asia will be taken first. ^ '^hc population 
^hereof itlll hll be thrcmJltto mte large clasif. • * 

* • % # 

GROUP VIII.— Tnn AsmcMpr fim^i^^—Organizatim : lleiid rarely Other than (lolikho- 
kephalic; hair ihrsly otraightr— always, with indivldtuds resident on their native 
asa&, black ; shinsMiisIt \ in Certain localities littaining the maximmn amount of 
blaokncss. InaueheaH^the hair is crisp, and thc^ps thick-^t. e, the i>hysiognoiiiy 
is ; Agglutinate. — jfi'ea : Africa} wintu the Island of Madagas- 

car (wholly, oi^in part), plus AralAa^fid pit is of Persia apd Syria. 

« 

The i^iraiiisean% or populations spdlking languages allied to Ihc Arabic and the 
Hebrew, ipid called Semitic. — ^Hie Arahiai^, the Syrians, the Jews, and the JEthio- 
pions of Abyssinia, constitute this class — a class pr§«ciuinently charactt3iiaed by its 
early civilization, andits monotheistic forms of Belief. From the Jews, Judaism , ainl 
out of Judaism, Ohrifttiamty ; from the Arabs, Muhometanism has arisen : whilst the 
alphabet was either invented ti'iprouiulgatcd by the Phcnicians. 

With the Jew tho &ce is massive. With the Arab of Arabia, in liis most (so-cidlcd) 
Caucasian form,,the >&cg is oval ; forehead, vaultod ; nose, straight or aquUinc ; Ups, 
thin, even when thitlk aiot projectAig; hair, wftvy or curled; complexion, various 
shad(.'s of brown; IhnibB) spiire. With the Arab of Africa lihc colour is Bometimes 
ncai’ly black, the !&ame more massive, and limbs more fleshy. * * 

«. In Abyssinia, the country of the Ethiopian branch, tlio transition to the true 
African of Africa is the dearest ; the Amharic aiiu Gafat tribes graduating into the 
Agow, Kaffa, Woratta, and Yangaro diiTisions (based on the afiSnitics of language) of 
the Gpnga division. There arc tdso other points of contact, e. g, with the Danukil and 
Galla tribes. 

TIm JBgyvtlans. — ^The early civilization of the valley of the Nile was the cfvi- 
lizatidh of the ancestors of the present Copts, who are siill to be distinguished from the 
Eminent population of ^gypt, 'vfhich is Arab. They are Christians rather than 
Mahometans, and, although their tongue no longer etists as a spoken language, there is 
the Celtic literature of the Oopt^, or ^g 3 rptian, Church. This gives us in aujalphabel ' 
de|iv«d firom the Greek, the :23gyptian of the Hieroglyphics in a fofm^modem m com- 
pai^ to them,^ihAugh andont as oompa^d to the languages of the nineteenth eentury. 

The Allowing i8.th% physiognomy of the medem Copt — ». of the modem repre- 
sentative of the JSgyxman of the Fharaonie (q>och as opposed* to the Atnb. The hnir is 
black and crisp, or curled; chedk-bones, projecting; lips, thick; nose, somewhat 
depressed ; nostrils, wide ; complexion varied, firom a yelloVieih to a dark brown ; eyes, 
ob%ue ; Ihune, tall and fleshy ; physiognomy, heavy and inexpreffive. 

'Vb# JUHnBisgk—Tit’^e Amaziig group eontaias*the nuAim populations of the desert 
of the Sahara, of the greater part country to the north thereof and of the 

Caaarf' Islatdll. Hence i^oocurs in the oasis of Siwah near the iBgyptian frontier, 
in Feasaa, Tnids, Algeria,0(ind Morocco. The descent of the Amaziig is firom the 
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ancient Gaetiilians, Xumidians, and Mauri taniane ; thoir rliicf diyisions, the Ammonians 
(Siwoh being tbc ancient Ammonium), the Kabaijs o> tbe range of Mount Atlas, the 
Tuariks (of the ^hara)^ and the Guanches, This last v/as ^c name of the jiborigines 
of the Canary Islc^ now eiAinct. ^ ^ 

The Amazirg populations have always receded before populations more encroaching 
than thomselvos — at least on their northern frontier; e,g> before the riicniiiians, 
Gi-coks, ahh MahxjmotaJi Arabs. * # , ’ , 

The mountaineer tribes of the Amazirg ar% the^ Kc^bails ; the doRCit ti’il>cs t]}c i 
Tuarik. Of these, the social organk^aticJli is such as wo usually find in similar lut ?* 
lities. It is that of the Arab, Cie Turkf and ^Iffghan ;* where the spirit of pcdigivi' 
and the pride of blood operate upon the framcwoik jf tfle socir^ly, instead *of the*i)os- 
session of land or ',gvic rights.. JjOSS like an ocean of and inhospitable saiul 
than a rocky wibh'rness, sometimes Ktit?tching into vast fl^s, shnictinujs rolbug out iii i 
undulations the Western Sahasa, thoiigji scantily suppliia with vegetation ^ its less ‘ 
favoured parts, has its oases, where thcre^ are springs of water^ date-tre^s, corn and 
vegetables, and shadet These arctic o«cifJ[)ancie3 of the more settled liAos, the 
Kel-otce^s^ who live in villages. To thesB the Tuarik cl hadla stand ip opposition ; 
for Tuarik el badia is the Arabic nE*iie the migratory tribes of the Sahaip. 'J’he dark 
complexion of more than one »f the Tuarik tribes has been noticed, e. g, ihopo of the 
Wadreag are stated, by Mr. Ilodgsoi?, to look likoNf'grocs—so black ia llicir skin, and 
so erirp their hair. Yet he suspects no Negro intermixture. 

Tho Amazirg tongues arc often called Jicrber. Si‘#m the extent to which tliey an, 
allied to the ITcbrc'w and Arabic, tb(^y have also been called jfW^-scmitic. 

The Kilotic Olass.^This is provisional, and, mure or le.s% oiaificbil. It is 
important, however, because it is thci one by wlficdi the so-callcd mmlic and sw^-semitic 
' classes are connc(5ted with the true African. That all the populations of the Nile do 
not come ilhdcr thft denomination has been seen — the .Egyptians forming a separate 
group, the ^tlliopian branch of the Aramteans doing tho some. So Uiat Iho grou])»is 
provisional, and the name other fhan unexceptionable. 

The divisions of this Nilotic clas^are — • 

a. The Ilmorma (Galla), Somauli, and Afor (Btmakil), pastoral tribes to tl\p south, 

east, and west of Abyssinia. Colour vaiying fi*om a deep black to a brownish-ypllow. 
Stature, tall ; bodies, spare, wiry, and muscular ; frontal profile, vaulted ; nose, often 
straight, or even arched ; liggr, moderate ; hair, often hanging over the ncck*in kjng 
twisted plaits. • • ^ 

b. The Agows ; probably th^aborigines of western Abyssinia, encroached upon by 
*thc Ethiopians, occupants of the provinces of Danyt, Lasto, and the parts about the 

Lake Doahea. * ^ 

c. The Ntibians, of Nubia and i. e. of tho valley of tl^p Nile, between 

Egypt and Abyssinia. “A long ^al countenance,” writas Euppell, “beautifuDy- 
curved nose, somewhat bounded towards the top, proportionately thick lips, but not 
protruding excessively ; a retreating chin, scanty bwrd, lively eyes, strongly fiAzslod 
(but nevcci^oollv) hair, ibmarkably beautiful figures, generally of middle size, and a 
bronze colour, are^he eharaoteristies of the genuine Dongolawi.” 

To this division the evidence of language attaches the i^cquivocally Nbgro tribes 
of Eordo&n and fDarfur, and, more or less, of Sengaar. « 

if. The Bishori of the desert and mountains between Nile and Bed ScaT Those 
are, probably, either Egyptian or Nubian— so that the ola^ is provisional. 
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The Galla and Somanli of tho p^isgsouth of Abyssinia lead us to the great 
XaAe Family, — ^Liko tUo Amasirgs, the Xi^res (in the wide and generic sense 
of the word) extend over a vast space, from cast to west. Indeed, they stretch all 
, Y'fc^cToss the continent, ’'jfho coast of Zanzibar is Kaffre^ tfie valley of the Gaboon 
lliver, and the paits north of Angola and LoangoJ arc Kaffre. SouAmardftf the frontier 
of the Cape Colony is Kadre*. Hence the Kafi&e area extends from the Capo to tho 
EqiVitor ; oven beyond the Equator—and ^at'dli both sides of tlfiica. • 

From this, however, must bt sub|tracted the aiea of . • * 

*' The Hottentot FAmby, — This means a ^arge district on the western coast, 
south of lionguola, biffc of • undetemvned magnitude^ How far it extends into the 
iiitdrior is lin(uTtain. Its soUfiiem femit, however, is the cape Agulhas, i.e. thc*! 50 uth- 
oi'innost pronipntory of^Afrioa. Ttfb parts east of Walvisch Bay, tho parts east of Angra 
iVgucna* tlie drainage* of the Orange lliver, are all Hottentot. Much of the great 
Kaiahari Iloscrt is Holton t(^ ^ 

Tho iTottentot stock has a better claim to be considered as forming a second species 
of the }/enns horn tluin any other scctioA (/‘mnnlind. It can he shown, however, that 
tho language is no mora di{f(*rcnt from tho»!) oithc world in general than they are from 
each other.^*lt has spo<;ial affinities with tho languages north of the Equator, t. c) beyond 
the Kaflro area. ^ « 

Tho Hottentot is in stature low, with slight kmbs; colom*, more Frown or yellow 
than bla(‘k (that of new-born childi-en said to be noaily white) ; cheek-bones, i)ro- 
minent ; nasal profile}, (Icpressfi; rather than equally distributed over 

tho head. It is thus de8tTib(.d by Barrow : “ It does not cover the whole surface of the 
scalp, hut grows jn small tufts, at certain distances from each other, and, when clipped 
short, has the appearance and feel of \) hard shoe-brush, except that it is curled and 
twisted into small round lumps, about the size of a man*ow-fat pen. When suffered to 
grow, ithang.s on the neck in hard twisted tassels, like a fringe.” • • • 

* ^ Other peculiarities of organization could be added. It is sufficient, however, to 
repeat the statement previously made, viz., that the Afferences of speech by no means 
coincide with the differences of form. ^ * 

Some fifteen divi8ion.s or sub-d^i^ioff%>^ the Hottentot family are extinct. There 
are extant, however— the Gonaqua; #, "tho Koraqua ; r, the Namaqua ; d, certain 
populations of the Dammara country ; tho Saabs (or Bushmen). «. 

There now stands the area which is bounded byjjjhe southern frontier of the 
Sahara on the north, liy the equalbr (there or thereabouts) on the south, by the 
Atlantic on the west, and by the water-system of tfec Nile (there or thereabouts), on 
the oast. ^ ‘ ^ t 

^This is the part w’hero the most Negroes arc to be found— iVeyro ticoning not merely 
thoai Africans ^wHbse skin is black rather than brown, but also those who, along with 
this ;i)laclrt;r hue, prpseqt the further cfiaracteriitics of woolly or cottony hair, thick 
lips, and a yellowish sjderotica, w'ith othtr differences of greater or less, real or sup- 
poseff, importance. Tlie exteni^to which the iffiysiognomy of a given African may be 
Negro is a mere matter of degree, a simple question of or lees. ‘At least such 
is the evidence of language, and such the inference to be drawn frohi the study of the 
physic^ Conditions of ^ and* climate under w'hiah’tlio more extr^e Negro forms are 
found.' Eveiy division^ founded o%tho affinities of language between the two tropics, 
hm cilJher a Negro seotioni^r a section approaching the Negro— no matter how much 
its other members may beeother than Negro. On the other hand, the most Negro 
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divisions of tho whole continent present jastancos of lij^hter-cglourod varieties; 
varieties lighter in colour, and in other respects djipnrting, more or lops, from the 


^^^hu^*thc Amazirg*clas|g gives us certam darker varieties, tiic'W’adrftag alrc^jig 

^^^Tho Kaffre docs the same. On the westei^ coast the diangc from Negro to Non- 
negro— li'bm black to brown— sets ift .between Henguela and the Damoi-a ctnintiy, to 
the back of Wofvisch Hay. . On the cast it extends further south still— to Inhambanc, 

or even below •Inhamhane. 

‘ The Nilotic group gives us^egroq^; *. c, iij Sennaar and ftn the eastern Iccacra oi 


Abyssinia has ite Shaniali districts, the Ahyssiilian name Ihr SlaeJc.^ In fact, if wo 
take the whole continent of Afrioa*wc may go so for as to sSf that the Nogto physiog- 
nomy is tho exception rather tfian the rule. To verify ^s, wo may ask, A^at arc the 
true Negro districts of Africa ? AYhat^thosc other than Negro ? To tlie fjffner belong 
the vaUoys of tho Sonpgal, tho Clamkia, flip Niger, and tho intAnic^ato rivA s of Uio 
coast, narts of Rudania, and paiLs alx^it Sennaar, Kordofon, jnd Daffur ; to Uio latter 
the wiiolo ex)a 3 t of tho aioditorranjfin, iho Pcsert, tho whole of Uic Kaffre W Hottentot 
areas south of the line, Abyssijiia, tho lliddlo and Lower Nile. Truly this leaves but 


little room for the tyiiical Ni-gro. ■ 

jiU the intertynpie groupa of Africa giee myegroes, and every y-gro group gcres us some 
brown rather than black, diva<iom. Thus: Thort js^o great division of Uie Fulahs. 
All its’ members ore more brown than block. Some have hoeu designated hy the epithet red. 

1 T^ero are tho Nuft of tho old red-sandstone tracts to the hack ot tho delta of tho 
Ni"er. Those, also, are brown rather than hlyk. 

^Thcro aro tho Ediya of Fernando To, which, being ona of tho few African Wes 
of aiif size, will ho noticed somowliat more in detail. 

Within four degrees of tho equator, and not moro than twenty miles from the par#) 
about tlio Camcroons Kiver on Ao mainland, tho island of Fernando Vo rises boldly and 
' ahniptly from tho sea, primitive mid volcupdo in respect to its geological structure, 
and with one portion of it which rises of 11,000 feel. Tills is Clarence 

Peak, the highest part of its chief mor^il^rsi^. Of these ranges there •ore two, 
tod they run in a northsoastcrly direction, lircakiBg tlie island up into prccipiifts and 
ravines. From these thcin o good topply of fresh water ; hut in no part oftJu) island 
(and this is the express statement of Mr. Thompeon) has there been discovered any altimal 
deposits. Fog and forest oquallp contribute to give it a truly insular climate. Tho hillS 
^ aro thickly wooded, oven to tho higher ranges ; whilst tho rainy season lasts from May 
i to Dooemher. 3hen comes what is eallod the “ smokes”— a thick fog enveloping the 

■ island and covering a portion of the 8oa,around it. **i i 

Tho flora of Fernando Po exhibits sevcrill marked dtffercnUa^ that of tho mainland. 
The fauna dues so still more. Tho human occupants, though reforahlo from the 
i evidemso of their language to a continental origim are, novcrtheless, members of a 
i separate di+ision of tho .family to which they ^ng. Divided into about fifteen 

■ diflerent village^ and amountiiig to, perhaps, as high a number as 15,000 for tho whole 

■ island, tho mutui3ly nnintoUigihlo Jangnages ai5, at frost, two. One of theeo is the 
i Ediya, of whicl»we have a sufficient vocabulary. The other is whoUy unrepresented. 
I We w infbrmed, however, that when the people from C^noc Cove visit one cf tho vil- 

lagoB on tho south-east, fte the sake of purchasing pottory,pio trade is carried on by signs. 
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Again, in certain TiHages about West Bay the languago is also unintelligible to an 
Ediya ; though, ’irhethcr it be sorbccausc it is identical with the for^i of speech just 
noticed, or because it constitutes by itself a third variety, is uncertain. 

On the other hand, the physical appearance of ^the natiues is tho^ same throughout 
ihc^’islaud. The face is rounder, the nose less expanded, the cheek-bones less high, and 
the lipg thiimor than in the typical Negro. The skin, too, is lighter j md the hair longer 
and eqfter. Btill, the general physiogppmy js African. The lo\ihr extremities are dis- 
proportionately stout; and fhis^makps them appear shorter than they really are. 
£:ft*rcisc on foot, and the; Mibit of sitting with tkc legs doublo(bup to thc^ chin, arc the 
accredited causes o{ this* The hands «nfj feett arc sAall. Copper and olive are the 
terms Vhich have been used to (i)notc<feho colour of the Ediya; and, as a proof that they 
have not been jpplied over-hastily, Captain Botcla^ checks himsejf from assuming an 
intormixtim) of white hlod& t(^ account for it, inasmuch as “ the features were all of ihe 
same cast.” Without insisting aUjion the degree qf these oJive or copper tints, as opposed 
to black, I araw atten^on to tlio fact of their occurrence in what we call a high island 
of EquatAial Afn^. • t ^ • 

Does this ^suggest the rule for the diftribiiticn of the Negro poi>ulatiqps of 
Afiica r If ^ot, let the reader remember Captain Btochy’s observation respecting the 
darker and lighter Polynesians. The latter occui- on tho*7»y/^ the former on the low 
islands. * 

A Negro is an interiropical African in a humid atlmial locality, llonco no class- 
named Negro can bo strictly since the term denotes elements other than 

those, of affiliation and descent. Thus in respect to descicnt, the Negro of Sennaar has 
his closest relations the way of language, manncTS, and blood with the Africans of 
Nubia, Abyssinia, and the paits abouh his own country. Not so, however, his 
physical conformation. These arc with the Africans of Scuegambitr and Guinca,--a fact 
brought about by the common conditions of heat, moisture, and a low sea-leiAjl. 

* J^lencc, too, the group for the remaining population| of Africa will have no special 
name, but simply be said to contain— 

The Africans of the Hoithem Tirc^ic.— Ilorc, if wc begin on the M ost 

coast, and at the south-western cxtrendity of the Sahara, we have, more or less provi- 
sLonally aiTangod— 

1. fhe Wolofs, on tlie Lower Senegal (Negroes). Allied to these, but M'ith othei^ 
niiseoHanOous affinities as avcJI, the Borercs, tho SerawoUi, J^c. 

C. The Mondingos (AVy;w.y), with ^ho allied Bambarrans, Jallonkans, Susu, Vei, 
dendi, Kuranko, &c. This large class graduates into olh containing the populations, 
spooking languages akin to • 

3. The Greho of tho Krumcii (Neg9ves). Not very remote from ^hc Grcho class 

oomo tribes akjn ft) • 

4. IJhe Ftoli and Ajii]ian;ti (Negroes) of tte Gold^oast. Then- 
Intermediate, transitioijal, and with miscellaneous affinities, iconic — ** 

a. Between the Gambia and V” N. Lat., the Fclups, the Papels, the Bissago 
Islanders, the Bagnon, tho Naloo, the Sapi, &c., Islanders, olt occupants of nllmia at 
tho mouths of rivers— ^ * 

h. Betw^n Cape Palmy^and -file Gold Coast, Ihei^AVekvom— 
c. In Bahomey, the D(^ta of the ]{{iger and the country to the ifiterior, are ^ 
Whffiali, the Ibo,aSto., &c. — N^tws, 

But tho Nufi of the highe# country arc Hghtor-coloured, as are the Fahis of the 
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watershed between the Senegal and Gambia,* and the Ediya of Fernando 1^), os has 
been already stated. , * 

In the Erection of iiakc Tshad, from west to east, wc {lavo the Yebu, 1;)io Sungai, 
the Haussa, and l^mni lail^ages, spoken by Negroes, or apprr^ches to the Nogj^V^ 
and, on the island of Lake Tshad, the Biddupma. {}outh ef it, the Bcgharmi ; and 
south of the Begharmi, the Mandara. Jfo the north of Bomu lie the Tibbus of thel^escTt ; 
to the south of th(^ Mandara, the Kcrdi, w'iih^hicii our notices in tins direction, end* The 
Kerdi belong to a wilder and more mountaineer popultcfton^au any liitherto eaiuneintcd. 
“On penetrating,” writes Denhairi, ‘^a short distance in tjiis direction, with soAc 
X)eoplp from Kandara, we saw tlie iulufbitante rfin up the mountains quite naked, with 
ape-like agility. On another occasion, a compar^ pf ^vagos prere sent fiini a Kerdy, 
or Pagan Tillage, termed Musgowi as a poaee-olfering, to cj^reeale the Spltan, who 
was on the eve of making a kidnapping expedition into tl^ir countr}'. On entering his 
jjalacc they threw thcmselvc8*upon the ground, j>ouriiig sand upon theij^eads, and 
uttering the most piteous cries. On their, heads, which wore covered with lon*j wooll}', 
or rather bristly hair, doming quite ftver tfteft eyes, they wore a ca^ of the akin of a 
goat 09 some animal like a fox ; roundTtheir arms and in theii*cars were (ingt) of what 
appeared to he bone, and around tUb ne»ks of each were from one to six strings of tlic 
teeth of the enpmics they had tlain in battle ; teeth and pieces of bone w'oro also x>endcnt 
from the clotted }ocks of their hair ; their bodies were marked in dilferent places with 
red patches, and their teeth were stained of the some colour. Their whole a])pcarancc 
is said to have been strikingly wild and truly savage? •Endeavours to set on foot inter- 
course with thorn were in vain. They would hold no communication ; but having 
obtained leave, they corned off the carcass of a horse to the mountains, whore the hros 
that blazed during the night, and the savage/yclls which reached tlie valley, proved 
that tj^cy wore celebrating their brutal feast.” 

East of Lake Tshad the Negro tribes belong, according to the evidence of langwagj 
to the Nilotic division. p • 

The Gonga class belonging to Enarea ; and a large tract south of Abyssinia is, 
probably, on the nortliem frontier of the Koifre area. With the Kerdi and Gonga 
districts the Urra incognita begins. , 

CBOUB IX. — The Euuopban Group. — Thysiognomy : Caucasian in the wider anft more 
inconvenient sense of t^e term. — Languages : Either unplaced, or Tndo-51uropoan 
(so-oaUod). — Area : Western, Central, and ^uthom Europe. — IHvmons . A 1. 

Badcs; B2. The Skipitar^ 08. The Kelts; D 4. The Greeks and Latins ; Thd 
Sarmatians f 6. The Germans. 

The throe divisions marked D are easily, conveniently, and accurately lookcd^n as 
sections of some higher denomination-Lf^i^ies (so to say) of a genus. To this, nio'at 
writers add the Kelts ; some the AllJhnians. All exclude tboBwks. The nameef this 
higher class, when it is limited to the divisions under I>,#is Indo-(7/?r#ww»«>; when 
extended to, D and C as well, In^o-European. The present WTiter objects to it in 
cither fonfl ; holjjing it toTje a word as erroneous and inconvenient as Caneasian in ths 
wide sense of the tefltn. Each, hovgevor, keeps itB^lace„and each must be used, however 
unfit for use. • 

European etfinology bears much tiie same relation tp tiae cihnology of the other 
ports of the world that mioroscopie anatomy does to ^scriptive. *nic main facts, 
respecting the physical and mental character of such po^uhttioos as the Gfrwdc, L^n, 
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German, &c., arc known to us from hitiory. lienee the more minute questions of 
intermixturej civilizational influtfucc^, sliadcs of national character, ^nd the like, con- 
stitute th(^ department of t]^c European investigator. This wilkmake the notices of tJie 
^3^;jiropean classes bjicf ; their civil history being 8uppose4 to sup^y their character- 
istics, and that history (in its g^ncralit^s, at least) being supposed to bo known. 

The most unfixed of the European divisions, |hough probably- not very far removed 
from 4thc Kelts, ore • • ^ 

The Basks. — In the SppuilK prasrinec of Biscay, and in the more mountainous 
pSrts of Navarro and Gfwenny, wo find the Basis, a population whose language has the 
same relation to the Spanish and Portuguese as ftie Wefch has to the English. It, is the 
remains of tie ancient Ipnguagf of^l whole country. 

Considering^its inountein locality, and its pfisilif n«t the northp- western extremity of 
tlic countiy, on the one han^ and the undeniably recent origin of the present Spaniab 
and Portiim^ese, on the other, ^his is no more t)»an is expected a priori. 

Eurtjicr proof, hcjjv'cvcr, has been suppjicd by the rcscarcbcs of ethnograj)hical 
philologists, mosi^ especially by those of IV'.'von lAimboldt. In An elaborate essay, first 
published in Yatcr’s Appfndix to the MUhri3ate9^ that writer analyzes the names of the 
ancient Spanish rivers, mountains, and tiibcs, And %hows that, udiencvor they have a 
meaning at all, that meaning is to bo found in the Bask.* ^ 

He shows more, viz. that not only Spain and* Portugal, but that the Aqiiitanian 
l)TOvinc(} of Southern Gaul was Bask ns wcU; in other words, that tho present 
language of Bilbao and Navarft^w’as extended soutliwards, and that of Lcs Bassos 
l*yrcn(3C8 northwards. 

Like the Skipiiors, tho Basks have yet to be dcfimtcly and satisfactorily placed. 
The native name is Ettacaldunae. In ai^aking of tho ancient tongue of the Spanish 


peninsula, it is couvenient to call it Ibcric or Iberian. In botll Spain and Portugal 
ike blood is more Bask than the speech ; tho affinities of tho latter bping*' with the 
Latin, the effect of tho Homan invasion of Rispania. ^ 

Skipitars. — ^This is tlio native name of the populations of Albania; strongly 
contrasted in language, less so in physiogribray anif habits, with the Greeks, Turks, and 


Slavoniajis around them. The Skipitars have yet to be definitely and satisfactorily 
placed^ 

Kelts. — In Ireland, in the Highlands of Scotland, and in the Isle of Man, w& 
have Ki'fta of tlie Gaelic, in Wales and Brittany, Kelts fof the British, branch. In 
fofnwnll the ancient British language is extinct In England the blood is more or 
less Keltic, with Anglo-Saxon modifications. Tn Franc% it is Keltic with Homan. The 
language in the former case is German, in the latter Latin, as to its affinities. In both, * 
howeyer, tho blood is, probably, more Keltic than the speech. * 

Tke Bopulations speaking tke <|xeclk and Batin Banguages, and the 
Bangnagel derived therefrom. — Italian Bfanch . — This contains the ancient 
Homans and the other popjalations of Central Italy. Tho conquests of Home extended 
tho language of this branch ovoe Gaul, the Spanish peninsula, the Grisons, and the 
Danubian Principalities ; in all of which countries tho toifgue is more &6man than 
the blood. • « 


Hellenic Branch. — Thi|«contains tho Greeks, aifcicnt and modem; the latter with, 
an undoubtedly, the form^* with a probably, largo amount of mixe^ blood : for the 
waiter ddKvcs even tog ancient Greeks from Southern Italy, believing them to 
have been as Httlo indigenoik to the soil of Hellas as the Angles were to that of 
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Kiig'land. On no other hypothesis can ho rccoseilc the aifinltios between the Latin and 
Greek languages with the difTercnces between the Graek and Skipitar, tiic Greek and 
Dalmatian, the (frcck apd all the forma of gpecch intcijacent to the northern fi*ontier of 
the Hellenic and Italian ai^ias. If the chain of affinity extended across the ^districts t^v # 
the north of the iSiriatic, the languages for tliese parts sliould bo efther Greek or LafSi, 
or else transitional to the t'wo-^whioh they arc not. ^ 

Sazmatian. — This stock fall^ infoHwc^divi|ioiis, th<j Lithuanian and the Slayoiiic. 
The area of the* foi’inor is Lithuania and Cou^ahd^with parts of Jjivonia and East 
Prus.sia ; of thh latter, lijissia, l^oli^nd, dallicia, part of Lusatfa, Bohemia, Moravia, part 
of Hungary, Servia, and Illyma. Izi Poland* and Bohcfhiia 1;hc stock perhaps, the 
purest, lu Russia there is much Tgrian; in Sulgaifti, Turk; in Gcrmtftiy, GfA'man, 
interniixlurc. ^ , 

Gentians. — ^'fhis moans all tlio populations wdpiso iShguagos arc ifkin to t1:c 
Gennan. In detail, it meana»tlic ])opplations of Gormgny, Holland, England (and hy 
extension the United States, Canada, Australia, Ac.), Denmark^ Norway, Ifwedcn. the 
Eeroc Isles, and Iceland. I * * • 

I'hp Dutch province of Eriesland givd& us the German st§ck in its greatest purity, 
f . e. freedom from foreign iiitermiri,urc.. Eastwards it becomes iro or less Slavonic* ; 
westwarLs, more or less Kclti®. 

The element Ltdo, in the compc/fiud term J/icfo-Europcan, must have suggested the 
question, What liavc the Greek, Latin, German, Slavonic, and Lithuamc languages to 
do with India r "J^hc answer to this is, that a languaycf in vrhicih the learning of ancient 
Tiulia is embodied, a language called the Sanskrit, is so like the tongues in question, 
GspccisUly the Lithuanic, as to conic in the same class. No one doubts this. But how 
do wci eonneet this Indian member with thc^Curopcan ones } By deducing the latter 
from Asia, or hy deducing the fonner from Europe ^ S(> generally has tlic* former of 

these *altcAiath'es been adopted, that the present writer know's no oiio execipt himself 
who is committed to tluj doctrine of the European origin of the Saiirtkiit. Jlis rua^fis 
he has given elsewhere {2hciU Gcrinania, with Ethnological Notes, and luthnohffy of 
Em'op^, Hence in the map, illustll'ativc o( the present paper, no notice is taken of 
the supposed ICtisicm arhjin of the so-(;allcd Indo-Europeans; a conquest on the parts 
of certain Sarmatians of certain jiarts of Asia from Europe, being consitfjreil just 
As likf.^^" a fact as the undoubted conquest of European Hungary by certain 'ffgrian.s 
from Asia. • 

The doctrine that deduces the languages cA Russia, Germany, Italy, Greece, -fcc., 
from India, deduces the presen^lPlanguages of India and Persia from the Sanskrit. Ih 
those, how'cvcr, of the former country the grammatical structure is Tamulian ; whereas 
in those of the Matter there is next to no grammatical structure at all. Now, if the 
Sanskrit affiliation be true, this abseiic* of inflections in the Persian ^is cxplainbtl — the 
Sanskrit being highly inflcctionalj* If the Sanskrit affili%tiop bo true,* the JPersian 
dialects are ufiinflectiouul, because inflections once c.xistcnt lyivc been lost. 

On the other hand tho Dioscurian affinities loa^ to the notion that flexion in the 
Persian has* yet to be dcvt;loped. This the present w'^ritcr believes to bo the case. At 
the same time tli^ question is fiiU of complex^ies, and requires not only the present 
remarks, but those on tlic Persian and Dioscui'ian* groupj, to make cveft its general 
bearings intelR jiblc. ^ ^ 

With tho group to which the Germans, the Sarm|JUans, the Greeks, tftid Latins 
belongs, ends the classifleation of tho “ Varieties of tfcic Human Species,** tlio main 
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object of the soienoc of juthnoloffp. It li§s already been stated that it is one of recent 
origin. As such, it baa been in t^e baz»is of but fo^ inquirers. Let us look at its origin 
and history. Its origin is, to a certain extent, two-fbld. It bcj^an wfth the zoologists, 
^md it elso'began with the •investigators of language — eae^^ looking at it exclusively 
his own point 5 f vie'y/'. Thus both the of Nature of •Linnaeus, and the 

Nalurnl History of Buffon, works of pilre and special zoology, take cognizance of man 
— oiinarr as an animal. And they take cognizam^ft of him in two ‘Arays — first, •in respect 
tv) his relation to the inferior aniiiiial& ; ^secondly, in rcBi)ect to the difibrent varieties of 
ilm human species. This distinction grows cleaner aq^we proceed, and, by the time wo 
approach the epoch of BJamoxbach and Cuvier, |he wh^lc of the scientific nomencla- 
ture shows its reality and imj:wrtanc|. filumcnbacli, for instance, divides mankind 
into the ^fongoliau, thc^ Caucasian* tlio American, ^tl^c African, ^id Malay varieties ; 
and tlicsc lie considers in<hoir relations to cacdi other, without much tiouhling himself 
as to the characteristics hy^^hich they were, each oi^ all, distinguished from the 
higher apeS? Cuvier, on the other hand, after throwing the apes and monkc3^8 into one 
order, Cftadrumana (j^b^^r-hauded), falliitg*fato genera and spemesy mokes Man the 
rci)resentativc of another^Bimana (^teo-handed)*; of which there is hut a Bm^Q^specics 
of a single yefius ; though, ux>on this point, oth^r mi^uralists have thought difierenlly. 
Xow the erect posture, the greater volimie of the brain, the faculty of sjoech with its 
con'esponding organization, the perfect mechanism «f the hand, &c. — ^points that all the 
Bimana have in common with each other— arc, at the same time, chardctcristics which 
distinguisli them from the Ciuad]|y.igiana. And these aie points, mrt of Ethnology^ luit 
of tile closely allied Ftdcncc of Athropology (from the Greek word Afithropos=zma}i). 

Ethnology deals with the dilFcronces between the Weiiiui varivim of maid imi ; 
Anthropologyy with the difference bctwoc^n man and the lower animals. The extent to 
which a human being differs from tlio higher Quadrumana is a question of Anlhro^ 
jiology; the extent to which a white man dilTcrs from a Negro, one of Ethnolctyy, 
i.d the relation of Ethnology to one of its allied sciences — a relation' that u'c best 
iiuderfitand by taking a naturalises, ratlicr than a ImtoAau's, view of the buhject. 

But the natmaJist’s view is not sufiicieut of itsdf. The importance of such a study 
as Ethnology^ to the civil (as opposed to the naturat) historian is transparently evident. 
On the dhor hand, a certain anioimt of historical knowledge is essential to Ethnology ; 
08 csseHtial as a certain amount of geographical. * 

Geogiaphy is the basis of Ethnology, because it is primary business of the 
ethnologist to compare man with the em th he lives on. He must do this, in order to sec 
ikhether certain of the varieties of mankind may not ajtee w'ith certain physical con- 
ditions of the surface of the tcn’cstrial glohe. He knows enough of our kind to know 
that the differences between the different divisions axe very considerabR) ; for, unless we 
knowMiis, the distiftetion between a Negro and a white man, between a gipsy and 
native Englkhmeoi, ha'^e l^cn lost upon him. An 4 he also knows enough of the carfh 
on which we dwell, to knovr that the differences of climate, sea-level, Vfegetahle pro- 
ductions, and the phenomena of an^pial life, are, at hast, ns great as those between the 
most extreme varieties of our specios. Unless he do ihis,*hc has rood about zivers 
and mountains, islands and continents, deserts and forests, north-polqp*and south-poles, 
equators vend circles, to np^ purpose. All this, h(vw^vcr, is known— this, and more 
than this. Every one knows not only^that there arc such men and w<ftnen as Negroes 
and Whitts, and 4 hat there a^ such things as warm und cold climates, but also that, 
as a gefieraH rule, the Negro comes from a hot, the White from a temperate country. 
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To know this leads to the adnussionthat certain physical dldercnccB, connected with 
the earth's surface, exorcise a certain amount of u^ucacc upon the human orgzmization ; 
though whethci^ it be^ great or whether ^ be small, whether it be sufficient or in- 
sufficient to account for all the yarieties of our species, another question. Ouo« 
thing alone is oo&un — ^yiz., that there is mnvthmg in soil, climate* and nutrition. ^ 
But jjAystVannflucncos arc 'not enough, \frhon ifumholdt I'cmfuks that in^sa\agc 

nations there is hut Ifttlo difference fi}Vvoq|i indlTzdual physiognomies, n series of moral 
agencies is suggested, and the extent to whiq[L ci'valization may modify form \ias to 
I be considtired.* The copjoint of Uiosc influences constitutes a branch of tiir 

scierico which may bo caUe(la£/7/;/<>3s/7iV<ff c* th(f doctrine of cthnologica,! 

influences. The first volume of rWchard’s grcatiwork*is d(ivotcd to this. • In the pre- 
sent sketch, the notjpe of tlie jdjyjical conditions^under which a giv^t*n population is 
' found, is incoqjoratedunth the more propeily descriptive of the treiftise. StiJl 
! the division of our science desigqaiod should bo bqrne in mind. 

Let us now ask the meaning of a u ord, first suggested by Dr. AVTfPwcll in his 
History of the Induct m Bdcnccs^ ani dcriTie<?from the (Jroik wcutU ancient), 

and oijjioloyia (= the doctrine t/f exi&tcn9i)'^palceorttology, • 

In certain judicial inquiries, w sites ^r. Mill,* when we proceed upon circninstantial 
evidence*, “ wo can conclude that a man was murdore'd, allbongb it is' not proved by 
the testimony of eye-witnesses tlflit a man who had the h\tcntion of niui'dcring him 
' was present on the spot. It is enough if no other known cause could have gcn<'rated 
the effects showu to have been produced." This to infer the cause from the elfed ; 
or, to to argue from effect to cause — to argue backwards. In this way the geologist 
I argues ; in this way the archa3ologist argues ; in this way tlie ethnplogLst argues j and, 
because the result of their arguments is the rccjlhstruction of an earlier state ul* things out 
of a neu'cr, tlicir method is palmniologieul, and their soA cral tit'partmcnts agree with 
cach'othCr in belonging to paleontology , — a long word but a convenient one, and one 
pretty generally adopt<;d — l»y jjeologists at Icost. But tliis relation of othnology^to 
, geology has already been notie<'d;t so Diat the way is now paved for the following con- 
cluding apophthegms, re.spcctiiig flic scieneo before us its relations, its method, and 
its object. 

t ^ OUNEUAL ArOPHTllEGMS. » 

I I. — The natural historyjof man is chiefly divided bctw(*i;n two subjects, nnthropo- 

I logy and ethnology. • • 

IL — ^Anthropology determAes the relations of man to the other mammalia. * 

‘ III. — Ethnalogy, the relations ,of the different varieties of mankind to each other. 

IV. — Anthropology is moro immediately connected ^vilh zf)olf>gy ; ethnolo^ with 
history. * ^ * , * 

; Y. — Whilst history represents -ihe actions of men as tl^tcynmed by *moral^ etbno- 

i logy asccrtafhs the effects of physical influences. ^ 

I VI. — Histoiy collects its facts from testimony, *and ethnology docs the same ; biit 

ethnology Hcala witJi prcfblcms upon which hLtory i.s silent, by arguing backwfirds, from 
, effect to cause, * , 

I VII. — This throws the arena af the ethnologist into ar^^arlicr period df the world's 

I history than that of the proper historian. • ^ 

VIII. — It is the method of arguing from effect to cq^e which gi^c*s to cflinology its 
• System of Ixigic,” toI. ii. p. 27. • + See page 307. 
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Bcientifie^ in opposition to its Uterary^ aspbct ; placing it, thereby, in the same category 
w-ith geology, as a palseontologicfil SQienco. Hence it is the scionoe^pf a method— a 
method by^which mfercnc(^ does the work testimony. Funthermorc, ethnology is 
, •hj^ory in respect to^its results; geology, in respegfc to its fticthod. ,^nd in the same 
way that geology has its aoologipol, phjjpiological, and such other aspects as constitute 
it a miced science, ethnology has them also. ^ 

iTho chief ethnological problvns aro tfeose connected with— 1. the unity; 2. 
the geographical origin ; 3. adtiquity ; 4. the future destination upon earth of man. 
• •X. — ^Ethnological facts ""are physical or moAl — pfiysical^ as when wo determine a 

, class from the coloui' of the skin ; monM^ wh§n wo Hoterminc one from the pjuity 
or impurity of the h^it^ * ^ 

XT. — Moral 4 charactc:^tiea arc cither philologig^oi (i. r. conuteted w'ith the lan- 
guage), or non-philological (t^. not so connected). 

XII. — is an organized individval, capjfblc (eitlicr singly or ns one 

of a pair) of propagqJ,iiig individunls; itself liaving been jiropagated by jio such 
previous individunl or pair. * • • 

XIII. — H^cc — a spemes is a class of indfvidhals, each of which is hypothetically 

considered to Jbo the descendant of the same pr«tox>l!list, or of the same pair of proto- 
plasts. ^ , 

XIV. -T— A variety is a class of individuals, each *^belonging to the s^mo species, but 

each differing from other individuals of the s];)ecies in points wherein they agree amongst 
each other. • • 

XV. — k race is a class of individuals concerning which there arc doubts as to wliellicr 
they constitute a separate species, or a variety of a recognised one. 

In the preceding pages no such wordVis is used; this being the case bccm:ec 
the writer believes that all the Varieties of Man ai’e rcfemble* to a single 
Holding no doubts on this point, ho makes no use of the term. Good wiijtcr3,*liowcvcr, 
hiv^i occasionally defined Ethnology as the Science of Efface : for this the present author 
would substitute Science of Varieties, 
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Abipoiiians, Liidcpendcnt tribes or the, 3G2. 
Abyssinia, various ruceslir, 367. * ♦ 

Acoustic capsule (Gr. nkotio lo iicor, uiid Lnt. 

capxnla a little cover), 104. • ^ 

Aerbdus (Or. r7/.-roircxtrcinc. and odons a lootli). 

ostcodentlnc of the, 27.'!. • t * i 

Adam’s apple, tlic laryiigul proininciicc, callct^Uio ^ 
thyroAl cartilage, 121, 

.Egyptians, race of the, 3G4. * • 

Afer trl bes of A fricu , .'{fi.'i . • 

Africa, the dllTcr'^nt races of, 3G1 rf vt q. • 

Africans of the norUicrn tropics, 3u8. 

Agow tribes of Africa, .36.'). 

Aiiio, the, a tribe of the Asiatic I’eiilnsnlar stock, 
325, 326. 

Air, sound not merely a vibration of, 1 16. 

Air-tubes in man, 74; in birds, 76. 

Albutrosa, cranial development of the, 261 . 

Albflii;^n (hat. a thus wlute), properties of, 4r». 
Algebra (/Aab, ul tlic, and tfabron reduction 
of fractions), upeiations of, / • 

Algonkln tribes of North America, 35f. 3ri3. 
Alimentary functions, 69, 70, 71. ^ 

Allsphcnoid bone of the python’s skull, 193. 

Alkillles (Arable al tiio, and kali ihc glass wort 
plant), properties of the, 3. 

•\.niazIr>,^aceB of Africa, 36.). 

Amazon rlvci*, various Tudlan tribes of tlie, 362. 
American groups of population^ 349, S.'iO; the 
Eskimos, the Ath.^ibaskaus, the AlgoiiKlns, &c ,* 
351; the Irlquois, 352 ; various In Juii tribes of 
South America, ^59 i‘t seq. 

Amplilcoclian typo gf vertebras (Gr. «rinp/ii both, 
and hoito* concave), 202. 

Amphinesion populations of the Oceanic group, :?12. ^ 
Amplilama, batrochlan, (Gr. amphi About, and 
hymen a mOnbrane), skeleton and limbs of 
the, 242, 213. 

Anapophfsls^Gr. ana backwards, and apophy- 
sis springing flrom), 169. 

Anamese, tribo of tl)^, 309. 310. 

Aiiarrhicas lupus (Ur. the wolf-llsh), fbe^Ji of the, 
271.272. , 

And&mon Islands, population of the, 310. 

** Angler,” teeth of the llsh so called, 271. 

Animal cconooi)'. Importance of the blood lu the,6J. 


Anifpal kir.9dom, composed of nialtiials fonnd on 
the ditrtb’s crust, ;fl . H 
Animal life, on tln^sliyslology 9f, .33 pt seq. 
Animals dlstini^ulslted from plants, Sfi; lucoinritiuti 
of, 87 ct soff . ; senses ot, 97 ft sfq - ; smell of, 
97; siglit of, 99; hearing of, l(i^; their taste, 
ft 105; their touch, lolf; their instinctive powers, 
112; original substance ur,^GI; extinct races of. 
263. *• » 

\nlnials and plants, an agrccincgt e\isthig be- 
tween, 31. 

Annclula (Lat. annulus a little ring), respira- 
tion In the, 7S. 

Anoplotlif‘rluni {dr. anoplos unarmed, and the- 
lion ft iftiast), teeth of the, 296. 

Ant-eaters, teeth of the, 268; edentulous main, 
mals, 27B. 

.Vntenu.T of Insects, 107. * 

Xiithropotomi8l(<ir. an/hropos a man, ami tome 
dissection), 21 1. 

Anlibraciiial bones (Ur. and against, and brn- 
c/uft arms), 258. ^ • 

Ape, larynx and voice of the, 112, 1 13; skclctua 
of the, 255, 256; dentition of the, 29H. 

Apodal (fSr. a and podrs -wanting fi'ct), 198, 
Aponeurotic (Gr. apo from, and neurnu a nerve), 
membranes so called, 163. 

Araclinidlans (Gr. arnvhnc a spider), *l:ospira- 
tlon In, 77. , 

Arachnoid membrane (Gr. and lidos 

^bweb-fonn), the serous incnibraiiu ul*thc 
brain, 54. 

AroinieaiiB, various races of. In Africa, .364. 
Archetype of the human skdeton, iiiodilicatiom 
of the, 2."»S segr. , ^ 

Arecunu Indians of 5. America, 3.58. 

Areolar tissue (l-^t. ^reola a llttlb bcd)^positiou 
mid functions of the. 51; distrilmtlon of tlic, .‘)2. 
Arithmetic (Gr. %ritUmos number), triitliB of, 
sclf-^ddeiit, 7. 

Ann, bones of the, 49. 

Armadillo, laryngal organs of tbo. 140; dermal 
bones of the, |65 ; teeth of the, 2ft8. 
Armenians, geogmpblcol position of the, 335. 

Ar Al Isles, pvpulfttlun of the, 34B ; 1|ieir Gharac- 
torlstics, aiV, 349. * 

Articillar, tAc bone, of Ashes, 17S. 
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Artlodactj^la (Gr. ariion in even numhor, and 
dactylos finger), family uf the, 212 ; dentflRni 
of the, 300. « , 

Ass, larynx and voice of the, 141. 

^ Assam, moifiitain tribes of, 312*314. 

>^rag8.IuB (Lat. the ailkic-bono). 218; ofUic hln<l 
foul in quadrupeds, 243, 24<f. « • 

Ataruipe, burial carorn uf the, 301. 

Atf11cij(Gf . imperfect), dentil Ion ofthc^300. 
A 'habaskim population uf America, 3:i^ * ^ 

A^as and axis vertebras of tho^;ro^ndilc, 201. 
Attaespa Indians, lan;;uagc 9fthc,^3:il. 

Attraction of matter, laws of, t. 3. * • 

Austrfila, natflrc population of, 344. • • 

Australian skull, facial angle*of the, 202. 


Ralaiicc, prlndplos of tlio, 11. * 

Hal&na (Lat. a whale), teeth of the, 278. 

Iliilistos ((fr. bnltat speckmd), dentine of the, 27^ 
llarbarlsm of the £nlt, 312. 

UarraoQda fish, dirmldaUe dentition of the, 273. 
BasIoccipYtal <rf the python (Gr. ha»U the base, 
.and Lat. orcipnt back uf the head). 102. 
Basisphenold hone of the python's skull (Or. hn»U 
the base, and sphen and ndon wedge-shaped).! 93 
Bask poptilation of France, Spuin.aiid Fort ugal,370. 
Bat. skeleton of the, 249. * 

Batrachia (Gr. batrachos a frog; circulation of 
the Mood In the, 64 ; ^kolcton of the, 18/ et scq. 
(SCO Fiiog). 

Bats, filght uf, 94. 

Bayanos Indians, of Cc'utral America, 3r>7> 

Hears, acute smell In, 98. 

Blc^ respiration in the, 77i 78 ; eyes of the, 10:i ; 
humming of the, thoracic spiracle of the, 
152. ^ 

Bicuspis (Lat. his twice, and cutjiia n point), 
shape of jhe molars, 29S. 299. 

Bile (Lat. bilis choler), analysis of the, 71 : its 
uses, f2. 

Blllcchula Indians of N. America, 355. 

Birds, respiration in, 79. 76 ; progress and deve- 
lopment of Incubation In the eggs of, 82, 83 ; 
locomotion of, 9.1; smell In, 98; eyes of, 102; 
oars of, 105; their sense of touch, 103 ; larynx 
and voice of, 143 at seq. 149; composition of 
thcJrii^neB, 162; skeleton of, 219 rt seg.i wing 
bones of,222; pel vis and Icgboncs of,224; structure 
of the/oot int 225 ; mechanism of flight In, 226. 
BlahaJr tribes of AMca, .366 . ^ 

Blackbird, song of the, 148. ^ 

Blnckfoot Indians of N. America, 355. 

Blood, formation and circulation of the, 37, 61 ; 
red corpuscles of the, In man and dIfQtrcnt aal- 
inals, 54, 5t, 87, 5S : eirechyi^f drawing, 55 ; 
Inflamnsatory crust of the, lib^; small pfopo]||;lon 
offlbrlneln, 56 ; ^bumcii in the* 56; its cor- 
puscles colourless, 58; salts o^ho, 59; Its 


waste and repair, 69; its Importance In the 
animal economy, 61; renovation of the, 6/ ; Its 
sources of renovation, 63 ; flatly addition to the, 
^ 71 ; it8purlflcatioa«72. 

Blue-bottle fly, |nckers of the, 89 ; thoracic spl- 
raefl^of the, 152. * 

Boa-constriqtor, skull of the, 104 ; jaws of the, 
1 ^ ; section of Its skull, J98. ^ 

Billy, wftstc and repaid of the, 59. 

Bpilvla, numerous Indian trlbe.<i of, 362. 

B^os, on the foimalion and ccAuposHirm of the, 
161 of the vertebrate animals, 162; 

titbir chetmcal composition, 163 ; matter of, ^a- 
rlously disposed, tb.; thoblustcma and cartilage 
of, 165, 166; the prlu^'tlve basis of, 165 ; flie 
growBi of, 166 structure of, in di/Tcrent classes 
of an’mals. 167; names of dlfforent cells, 15 . 
(tec Skllkion) ; of the arm, 49 ; of the fish, 
^ 173 et seq. ; of the head, general and special 
f * iiai#.'Sof, 1/9 ; chiHsPficatioii of the, 180. 
•BoikYto, teeth of the, 270. ^ 

Botany ^Gr. botane a plant), utility of, 21. 
Bdlhriolcpls (Gr. bothrion a hollow pit, and 
lepia a scaic), plicldcntinc of tfie, 27.3. 
Bottle-ftosc cetacean, teeth of the, 2/8. 

Brady pus trldactyius (Gr. bradiia slow, and pona 
afoot; tria three, and daktyloi fingers), bones 
of the, 246. 

Braliinins, religion of Indl.i, .340. 

Brain, the upper or anterior division of the groat 
trunk of the nervous system, 170. 

BianchYal arches (Gr. b^anehia the gills), 1/9. 
Jtranchlostftgal rays (Or. hranckia tljij gllfc, and 
Lat. tego to cover), 177, 181. . 

Jtrazil, numerous Indian tribes in the interior oi, 
362. 

Bromiifc (Gr. brouwa fetid), elements of, 4.3. 
Bruta, order of their numerous teeth, 278; denti- 
tion of the, 295. 

Buddhl.sm, the religion of the Mongolians, 318 ; 

the religion of India, 340. ** * 

BuHflnuh, song gf the, 143. 

^Burmese, chaiactcristics of the, 313; colour uf 
the, 311. ^ 

• C 

Cachalot, teeth of the, 278. • 

Caddo Indians of Texas, 353.4 
Culc.lneum hone, or calcaneal processes (Lat. 
i calx, or r.alcanvum, the heel), 218, 224, 225; 
of the* hind foot in animals, 243^ 244. 
Calciflcation of the dctital process, 291, 292. 
Calcium (Lat. calx chalk), general prevalence 
of, 44. « * ,, 

Cullfomla, population of. 351. • 

Camel, Us Jaryngeal organs, 11. 

Can.ar3',*80ng of the, 149. 

Canines (Lat. cania a dog), \)f tlie Carnivora, 
231; of the horse, 284. 

Capiicin monkey* deutiUon of the, 390. 
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• 'ariipace (Gr. Jcarabot a crab) of the turtle, 

211 . 

Carbon (Lat. cari* coal), elements and proper- 
ties of, 42. • 

Carbonic add. its trimsimitatloni^ BJ. 

Carlb Indians of S. America, 357 ; vartons* tribes 
of, 360. 

('arnlvOra ^.at. caro and voro to (le'C>pr), 
the larynx and vri^t'cs of tho, 1 12 ; tcc*li of Gie, 
281. 

Carnivorous m.uninnlia, skeigton of the, ^.">0. • 
Carpal bones of the cod-fish (Gr. 

Avrl4t), 175, 176 ; of the crocodile, 21 1 ; in man, 
258. 

Ciwelnc (L.at. c.'/.tc«s cl»c«'). propcitrs^f, 45. 

Cat, larj'iix and voice of the. M2. 

< '.itaw’ba tribes ol Carolina, 353. ^ 
t'lUidal vcrtebrie (Lat. enuda tlie tail), inodiAca- 
tlons oftUe, 1S2, 204. ■% 

(-aucaslan races, 32(5 vA Hrq.\ ph3’Blcal conform.i- ^ 
•Ion ‘vnd Isn^'iiagcs of the, 329, 331 ; the CJiVis-* 
sums, 3.32. • 

Crbus (Clr. kvbtia a .'^pecics of moiijfoy), dentition 
of the, 300. • . 

( 'ell lilar substance gf animals. 161. 

Cement of tho teeth, 2GG. 

centnim (Gr. knit ran n contri*). the centre bone 
of the vertebra, 168,1/1, 172; of the parietal 
vertebra, e.allod bnsiaphvnoid, 176 ; called 
prraphenoni, 177 - 

f'eiihalOpods (Gr. krphalti a lieud, and pudva 
icot), respiration in, 77t 

ilardl^iyfxV^Cr. kcras a horn, and htialos gb'iss), 
177,181. 

Ccreopilbr'cns (Gr. kfrkos a tail, «ind piihiw 
an ape), skeleton of the, 2.56. 

( c-stificlon (Or. keafron a dart), ostccfdcntlno |i 
of tho, 273. 

Cetacea, or Cctacians (Gr. ketc a whale), voice 
, of thO40 ; limbs of the, 22" ; skeleton of the,, 
228. 

Cctioaaunis (Gr. keic n whaUf and antirn a 
lizard), vortebris of the, 202. 

(Jhaco Indians of .S. America, 3G2. f 
choitOilonts (Gr. chaite a bristle, and odou 
a moth), teeth of the, 2/0. 

Chatlinch, song of the, 148. 

Chaiuias Indbiiis of .S. America, 362. • 

ChaiTuas Indi.ms of S. America, 362; the^ssivage 
cliaracteristinB,.36.3; dc.strojed by the .Spanl.ird.stA. 
Oh.'iyos IndifUiB of S. America, .362, 363. 

Ohedonlan Textiles (Gr. cAc/o»^ a tortoise), oste- 
ology of the, 203 1 ’t a'-q. (.sdl> Tuaroisi ) ; mas- | 
ticating organs of^lns 2/4. i 

Chomicid nature possesses no individuflli^. V J. j 

Ciheinistry (Arab^ kimia the occult art, or Gr. [ 
chymos fermented juice or puip), an inductive , 
scieuoe., 3, 1.5 ; relation of art to, 16. 

Chennnesj-an Indians of N. America, .354. ' 


C^epanpr, race of the, 313. 

Cbcrokees, of N. America, •3,53. 

Obesi^aud fnngs, constitute a musical bellows, It'.). 
Chilcno ludi.ins S. America, 360. ^ 

Chim/eroids (Gr chimera a monster, and I'ldoa * 
resemblance), vi^oiienli^e of the, 273. ^ 

Clflnipanzc^, larynx and voice of the, 1 43 ; *•! a- 
iiial development of the, 261, 36.5; (benfition I't 
tlm,^9S. * • 

Chigesc, l.latmcs and habits of the, 309, 310 ; di.i- 
lecU of tile, 31.5.* k 

Oipnuk rndiiiiw of Nf Amciico, 351. 

* Cliii^wyau^i'liaus of America, 35V • 

Cliiipiilp IivUaiis oftV America, 362. 
ffiilriguiino Indiaiis of S. ArnorVu, 3.50. 

Cboctas, of N. Anmrica, 3.53. * 

Ohlovine (Gr. fhlu roa green), clemeiitr. and pro- 
perties of, ^2. # 

Cholic acid, 73. >• • 

Cholos tribi'.*! of Ccntr.U Amegica, .3.57. 
t'hondrinc (Gr. tJtamdroa a cartilage), proper- 
ties of, 46. 

Chyle (Gr. ehyloa juice), difforeitt from iilooil «>i 
lymph, 60 ; renovation oftlie blood by, 07 ; • om- 
parativc f|uaiititics of chyle and fact s, 6S ; Vl■^- 
seLs of, .37. 

rhyme (iCf. c7iywoj» juicy pulp), 30, 

Cicada: (l.ttt. cicada a gras.shoppcr), ihm'-.-mI 
sounds of the, 151. 

( 'irua.sdai)s, langtiiige of the, ,3,30, .3 :l . 

'finde, area of tlio, defined, .5 ; its gcometi'i .,1 
propcriic.s, 6. 

(hrcnlatioii of the blood, 01 el acq. 

Cithcrinje (Gr. cithara a harp), toetli of the, 2;^. 
Civilisation, a mental manifest..! Ktn, .307 : 01* the 
East, 312. 

Clavicles (Lat. rlavia a kej ), 20n. 

Coal-field, stiMtified view of a, 22. 

Cobra, skeleton of the, 191, • 

Cocliin-Chinc.^Q, features and habits of the, .309, 
310. 

Cod-fish, bones of the, 17.3 et avq, ; it^ skull, 17 I ; 

His occipital vertebra, 175. * 

CunchifSrous molluscs (Lat. concha a shell, at A 
fero tobe.ar), respiration iu. 77. 

Condyloid cav.ty (Gr. kondylua a protuberance, 
and ctdoa rrscmid.mee), 224 ; in birds, 225. 
Coiinuciit (Lat. coM/ff/i'fiz JJowiiu together), I7(i. 
Connate (Lat. con and nataa bom togetlier), 176. 
Couscioudnes.s, (l!at. *t<w and aciculia *vitl>* self- 
knowledge), witc signification of, 109. 
ConsoiAuls, sounds of, 137. 

Contractility, the property of a muscular fibre, 4'J. 
Copts, race of the, 364. 

Coracoid Inmc (Gr.frora.r and cif/<>iscrow-likt*),17.5 
CoreauH, a trlb#^f the Asiatic Peninsular stock, 
ses, 326. . » 

Cottoids (Ggr koHe a lietft, and citfof r^sem- 
blanoc). c^roilontlneof tho, 273. 
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C'otpoid cavity (Or. kotyle a drlnkin^-cup. aiid 
eidoM resemblance). 224. ^ 

Crab, Its shell a skeleton, 50 ; rod corpuscle^ of its 
blood, 67 t its locomotion, SO* 

* C^ilal arches (Lnt. crf^nitim the skull). 201. 
Cratuuni (Or. A:y*a;iioa the rVuIO, ai^dicution^ of 
theterm, 181 ; Itsprogrcsaivo expansion in A-ari- 
0(18 alilmuls, ^1 . 

Cray-ftsh, eye of the, 101. • • 

Crook Indians of N. America, .15.T. * * * 

I Cachets, sounds produced 151 . 

Crieo-arytcnoi«1<*l postici (i'tr.Jirikhs a ring, 
taiimi and eMo» ladle-shaped, and Jll.t. pos^'cua 
behind), a muscle of the la#yux, 1 23. * 

Ci'ieo-arjtonyldei Idtcrnlis (suu^:^n/c), a muscle of 
the larynx, 123. ^ 

t;rico-thyroldcI (dr. linhfm a rln^, tjii/rog a ibTd- 
iiiff door, anW ridox rosorablancc), a inuBrlo ci 
the l.iryitx. 123. * 4 

('rotiodile, larynx and voice of t ho, l.’.O; osteology 
of the, 20 j ei a^g ; skeleton the, 2iil , 209 ; ver- 
tebra) of tho, ^01 ; vertebra) of oxliiict species. 
201, 203; its skull, 204 et st‘q.\ its skeleton, 
209; its limbs. 210, 211 ; pelvis ami liind-llmb 
of tiie, 212; Its cranial development. 261 ; its 
teeth, 277. 

Crucif^ra? (Lat. crux a cross, and/cjdv f.) bear), 
one of the i,'i^.at Aimllics ofpJaiit.s 21 ; its cdiblo 
properties, 16 . 

Crubtaceons (Lat. n shell), circulation of 

tlie blood in, 6 .*» ; smell of, 97* ^ 

(Jrustaccous aniruuis, rosplratioai in, 77 < 

‘Ctc'iiddus (Cr. odons a tooth), obteodentine of 
Che. 273 . 

Cut)Sldcs bone (dr. kuboa a cube, and eidoa re- 
semblance), 218 ; cuboid of the hind foot in an - 
inals,243. 244. * 

Cuckoo, A*oicu of the, 150. 

Cuinanch ixipulation of Mexico, 354. 
dunclfortue, one of tite carpal bones, 258. 
(Jurvilincnr magnitudes, measure of by rectili- 
near, 6. 

('utAc-flsh, circulation of blood in the, Cfl ;*its 
*wonderftd potvers of leaping, 96 ; eyes of the, 
99 ; its sense of henrln?, 103. 
duvier. Baron, his contempt for metaphysical 
theor^S, 260. ^ 


Dental systems (see Thetii). 

Dcntary, the, 17S. 

Dentinal tissues of tlig teeth, ^65. 

* Dentine (Lat. dena a tooth), the tissue forming 
thoabody of ^le tooth. 931 ; first modlflcation 
of, 265 ; disposition of, the, 268 ; modlllcations 
oL in various genera of fishes, 2/2, 273; of the 
•fiiphant, 291, * * 

Dentition (sceTfitrn). * 

Dcpiiu*sk(‘lcton (Clr. derma tlsc skin, and skele- 
ton). 163 ; oflho stiir,;eon, I6I ; of tlie armadillo, 
^., 165 j^chief developments of the, l/J ; the 
cranUl bones, the siipratomporals, the superorbi- 
tals, Ihc^ suhrrhitalB, the lacrymal, and the labi- 
als, 1 (^j1. 

IMalccts of the Bast. 3U, 315. 

Diamond, kn#kvn by its angular I'onii, 19 
DiapopIiNSes (dr. riia across, ap^ from, and 
n * phig^ia growth), bupos of the vcitubra, 16S 
e^»eq. aevpe ; of parietal vertebra called m:is- 
toid bone, 1/6. ‘ 

Disstcmlfi of tim horse ((ir. dia between, and 
Utemi to sAtnd) , 235. 

DicynoAon laccrticcps (dr. rf/ two, /.'r^on dog. and 
odoNa u icotl), and Lat. /act rta a lizard), bku'.l 
and tcctlioftiiu, 3/6. 

IVicyiulUonts (Or see ante), dentition of liic. 276. 
Digestion, process of, 6/. 

Digestive apparatus of man, 36. 

Dibdon (Or. dia double, and odoua a tcu.th), 271. 

272. 

Diseases, pestilential, 1.5(i. ^ 

Diver, tiirao-mctafarsc of tiie, 225. 

Dog, mucous mcmbr.oic of the, 69 ; cr.iiilal deve- 
lopment of the. 261. 

Dog-rl^|,ln(litms of America, .351 . 

Dogs, ' ‘ intellectual noses ” of, 94. 

Dolphin, tooth oftlic, 27H. 

Dorochos, ancient inhabitants of titc, 356 ; ex- 
tinct, 357* «R' * 

Doves, A'oiccs of the, 150. 

Duck, wild, bill fnd tongue of the, 108 ; skeleton 
of the, 223 ; quill feathers of the, 223. 

Dugong, skAton of the, 229. 

Dumbness, origin of, 115 ; caysed by the absence 
of bearing. 139. I 

Duodenum (Lat. dnodeui tAvelvc), a species of 
second stomach, 3G, 71 . 


Dnho-Dinrii Indians of America, .351. 

Daoiirlun Tungusiaus, tribes ot fho, 320. 

Death, caused by the cessation of any oift of the 
vital functions. 38. 

Deity, onuiiputcnco and benevolence of the, .32, 

l>eiidrodontine(Gr, dendron a t¥%, and Lat. dent 
a tooth). ^ fishes, 273. * • * 

Dendn'Sdus (Qr. dei^dron a tree, %id odout a 
tooth), dendrod^tinoof the. 273. * 


Bar, use of its external appendages,, 1 05. 

East, clvUisation and barbarism of^thc, 312; 
mountain tribes of the, (6.;^alccl8 of the, 314 ; 
prlma(y divisions of the races of tlio, 316. 

Ectocalcaneal (Gr. cktos out of, and catcanei/m 
the heel), 225. 

Ectocarntld canal (Qr. ekto out of, and karoa 
stupor), 235. 
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l.V*foc(indJ4old sui'fac'O (C:r. r/cfos out of, and 
Jcon'ii/tos n protn» be ranee), 225. 

Kctociineirunn (Or.^A'^wjr out of, and Lnt cuueus 
A wedse), 235 ; of the hiiA foot In animals, 24.'t, * 


r-otomotatarsc (CSr. rkfoit out of, meta over, and I 
farA-og the palm of the hand or foof ), 225. | 

jnctocnemi*! ridge (Gr. out of, and ) 

the knee), 224. • , • f 

Ectopterygoid ('Jy. ektos a\yiih, pterj/x a wing, ' 
and eUtos likeness), angles of the, I!)J| IP5*rf 
iteq.^aeppe. « ^ 

V.dapliodonts (Gr. dapto to tear, and otious a 
tooth), dentn! masses of the, 274. • 

I'ldcntata (Lnt. rdrna Ating), bkclcl<fiis#of the, 
227; dentition of the, 29.'>. 

Kducatton, object niid effects of, 2.1% delnaloiyle- 
.stroyed thereby, 24 ; what kind should he. pro- 
vided, 21 ; on the prope/ direction of, 2^^; tlu*^ 
controller of thought, 114 g 

I>1, iiei^?e-tnl)cs oi the, 51; progress and develop- 
ment of Incnb:ition In the, S2, H3. ** t 

Electric science (Gr. rlccfnttn oonher), purely 
inductive, l.'i,* • 

Elements of organi* nature, 3!) et 
Klepluuit (Gr. ctephns IvorjO, its larynx ami 
S’olce, 142; its tarsal bones, 243, 244 ; dentition 
of the, 208, 209, 27H, 301; its sknU and teeth, 
2 n."i; its tiuks and molnrs, 280 rt aeq. 

Emotion, phyi-kdogy of, 110. 

r.namel of the teeth, 206; of the elephant’s tooth, 

21)1 . • 

F.ii.ioJkolct^ii (Gr. indos and akfdrfos the inner 
skeleton), 212.* 

I'litocalciliical process (Gr. eri/oa t\itliin, and 
I.at. ca/canrain the heel), 225. ^ 

Entocondyloid cavity (Gr. entoa within, condylos < 
a iirotnibcrance, and etdos resemhlancc), 225. 
Ihitomct.atarsc (Gr. entoa A>itliln, meta over, and 
• /arjf^thc palm of the hand or footj, 225. 
Kntopterj^’goids (Gr entoa ulthin, and p1try~ 
gnidos wing-like), 170, 23.5. • 

Eiitostcrnum (Gr. entoa witliiii, and atrruon the 
hrenst-bonc), 216. • 

I'papoph^sls (Gr.g t‘pi abo\c. and apophysis 
Hprlnglng from), 169. 

KpicnOmlnl ridge ^ir. cpi upon, and kneme the 
knee), 224. * , 

Epidermoid S 3 ' 8 tcm (Gr. epi upon, mAsdermos 
the skin), 22S. « 

EpYglottis (Gr. epi and glotta on the tongue), 
fiinction ot^he, 124, 125. 

Kpfpli^sea^Or. ep^ and phtto growing upon), the 
ossitied ends of Ix^es, 166. 

Kpisternal (Gr. epi and aternon ou*t1i# breast- 
bone), 216. • 

Kpistemum (Gr.ut anie),2l6; of the croood]le,210. 
Fpltympftnic bone (Gr. epi and /ympanon on the 
dnun), 177* 


J‘^or, observation odtrii a sourno of, when not 
directed knowledge, 26, 27. 

Erroit, popular, 24. 

Kskiino populaiiuf) of Aincnca, 3.50, 

I 

ISTHlfOLOGY (Gg. f‘th7ioa a nation, and ioj^fs 
a discourse), general treatise on, 305 et seq ; 
varieties of the liiimim species, lufs jfiiy.sii-.il 
stf-uoture of different races, 30/; physitignomy 
.and lan/^ui<|f!. 30S; features and habits of the 
Cochln-(’'hinesc,*300 ; the Cocliin-Chiiicse i%id 
Hie lilincopef 300 ;*tt‘xture und colour of hair in 
* digerent i^ccs, 311; civilisation «uid IwiilMirlsm 
of tin East, 312 ; Mic various Hindu and Tartar 
races, 313; t.'ihl^of Kastern diulec^, 314; vari- 
ous dialects^ the East, 315; primary divisions 
of the Easf^ni races, .'116; the ^longolinns, .'IH) 
rt seq.\ the 'J’nngu'sians, 319; tfie Turks, 321; 
^the Ugrian races, 32i-.'124; the Majials oi Hun- 
gary and the Yoguls, 323 ; Hie Asiatic rcninsular 
slock, 325 ; the KcA-lak and Cauc^ei.iii tribes, 326 ; 
the great Caucasian families, 327^ 32H ; physical 
coDformation of the Ciuicas-ian?. 329 ; the t.’aii- 
casian languages, 320 vt svq ; 11 lo Circassian 
language, 332, 333; the Mizhdzhedzld. the 
Iron, and the Georgian populations, 334; tlie 
Per.'>ii« »tock, 33.5 ; tlie Kafir population, 33!! ; 
the Indian stock, 3t0: the Ockanic group, 
341; Protonesian branch of the Aroplnnesians, 
342 ; the Micronesians, the Polynesians, and the 
#MnlogHsi of Alndagnsc.ar, 343; tlio Papiinn.<i, 
Australians, and Taunaniuns, 344; the Fee- 
jecans, 3-}6; tlio Hcniangs and Jokongs, .317; 
the Arm Tslandcra, 34S; the Am.f.rtcavs, 3^; 
the Eskimo population, 351 ; the AthabaJkiin 
races, .')5l; the Algonkin tribes, 351, 352; the 
Irofjuois trilics, 352; tf)p Hionx, the Woccoii>e, 
the Catawhas, the tlicrokees, the Ctioctas, llic 
Crock Indians, and the Caddos, 355; the Pa- 
dneas and their numerous tribes, 354-956; the 
Quiehiin, 357; the Carihs and the Guarani, 
354; the Chiliuo Indians, and the Patagonians, 
llbO; the Waran Indians. 361 ; ii!cc.s of l%rii. 
Bolivia, and Chaco, 362; Indians of the inlorbfr 
of Brazil, Peru, and Bolivia, tho Cliiiiuitos, the 
Chneos, the .Vliiponians, &c , 362; tho African 
stock, tho Aramcans, ^nd tho Eg} pti^. 361 ; 
the Aniazlrg .md the Nijotic class, 3ff»5 ; the 
Kaffres and tliQ^lot|ontots, 366 ; the Abvssinlans 
and the Negroes, 367; the Africans of thc*nor- 
them tropics, :#8; tho Kuropbak group, 369; 
tlie ifasks and the Kelts, 370 ; the Italian and 
the llcUcnlc populations, io. ; tho Sarmatians 
^nd the Germans, 371; the Sanskrit language of 
India, \b, • 

Ethnogr&phy (c8? ethnoa a nation, and grapha 
#dcscriptio»i), 905, 396. (See abo^e.) 

Europe, tlic|0ffercnt races of, 360 at aeq, 

European slAll, facial angle of tho, 262. 
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inde:^. • 


Liittiaehlan proeosB (loading from tlia pharynx.^ 
tlic tympanum, so called from Eua^'icbiua tlio 
discoverer), 235. • 

Lv-ocdpItaV of the python (I^t. ear fmm, an! 
* tlic Ijock of the head), 192. 

ExhauetionB/' inetltod of, ^ 

iCxoskcIoton (Clr. ear and akelctos the outer akeie- 
tnn),*2U!. 

r:. O'- of ditIhreiU animals, 00 et scq. • • 


Fai>oU«v(Lfit. ifiiltlc l»ean) of the dotlt, 2lG. § 
r.icutl angle, roprosentationi of the, in •/nrlons 
uuinials, of^tlic Austra}|Biii and the Euro- 
pium, 262 ^ 

J-’ajees (Lnt. //»<«•. the dregs of anything), projK>r- 
tioii of Uiauhlrgod, 07 > 

I-'.d, a cuilltitueiit of orgafiio bodies, 47; diflhrci^ 
from udipoiio tisstfe, 53; oxtciisfvcly ditTused 
tliraugh tile kitigrloi#, t7j. 

l-'cejecans, eliiiijieteriMtics of tlie, 345, .346. 

I'emur (t.at. the tliigh-bonc) of the crooodilo, 212. 
leiTumdo To, pliysictd cliaractoristios of, 367. 

I’ ihrc, muscular, on the coiitractkwi of, 48, 49. 
Vilu’uio (Ltvt./f5r<r, hair-Uke sprouts), properties 
of. 45 ; propoiiitni of, in blood, 56. € 4' 

J‘'iln'uufi nervous matter, 20, 51. 

Hhilla (Lat.Jl/m/u the lesser bone of the leg) of 
the enwodUe, 212 ; of the sloth, 246. 

Filamentous texture of tlio animal system, 48. • 

FlnlandcTH, a tribe of the Ugriau stock, 324. 

Kins of flslws, tlieir locomstivo power, 90, 91 ; 
friU’uCAiro of tJie, 183; the ventral, 186; gonenU 
ii^ion of the, f5. 

I list Cause, on tl»e, 30 ; natural evidence of a, 
.'52. 

I'lshcs, ciivulatiuu of tdie blood in, 64 ; res]nration 
ill, 76; l^numotiou of, 90; leaping of, 96 ; acute 
siimilfn, 98; e>osol'. 10(f, 101; no tears in. I U2; 
tlieir sense of hearing, Iflt—of taste, 105— of 
loueh, idr; extremo degroe of lieat they can 
h^, fVi. : f!S>iiiids uttered by, 151; comi'odftun 
•of tlieir bones, 162; verteWue of, 172; skeleton 
of. id. ei grrj,; tho first forms of vertubratc lil’e, 
180; arrangement of boiios in tlieir heads, <5.; 
modlj^tions of tho j^ws of, 181 ; thdr caudal 
vertomaB, 1H2; mo^itlca^is of iho fln-rajrfof, 
183^; r^teulogdcal structure d^their hontls, iA.; 
atfjiptation of tlieir skull and skeleton to aquatic 
life, 181, 1S5; aciiun of thefr fins. 186; tbeir 
dental system, 269 ; slicddiiig ami renovlll of tho 
teeth in, 271. 

Fleas, their wonderful power of leaping, 95. ^ 

Flics, locomotion of, 89. ‘ 

Fluorine (LaU^Sico to flow), clients of, 43. 
ri^ ing Ilxan^, vertebra of tho; 1%9. s * 

Fadtis (IM./oeto touring forth ydiug), ckoula- 
ti. m of the Idood in the, 92i * 


Food, the various functions employed iii its distri.. 
bmion through the animal B3*stem, 36. 37; traus- 
mutation of into ch^ lo aiuf freeiis, 67; changes 
wldch It undorgoes.Vl- 

Koot,^is1inct bofics of the, ij^difTorent niarainaU.i, 
243, 244 ; law of sliniilication of the, 244. 
f'oranifna ( Lai. /or fi wen an opening), 103. 
F^y^s, docti'iiie of, 141 « < 

Frog, rc'f corpiisidc'S of its hlrod, 58; croaking of 
tlio, I.IO; skeleton the, 18^* 189. 190; meta- 
fiiorplsosis of its sJyBleton, 188; of its skull, 189. 
Frogfal soggiciit, or vertebra*, 177- 
Frontals (Lat. fronit the front) of tlie uj^lion’s 
skull i 193. 

Fuoglai«i df S. America, *,no. 

Furciilum bone (I.at./urca a fork;, 221. 

Function, gcn|^yttl use of tlic tcrni in phj slology, .3.*, 
Functions, vegetative tuid animal, 36 ; of lupiif- 
• ducrion, 38 , table of in man, 39. 

* Funerals of llic Mongolians, 318. 


(laloopethC*cu*(Gr. gale u weasel, ami pi/Aikojt 
a mogkey), teeth of the, 300. • 

Chnioid (Gr. gnnos brightnosii), a term applied to 
the scales of certain fishes, 164. 

UttStevOpods (Gr. gaiter tiie IkiUj’, ami 
feet), restiinvtioii in, 77. 

(histric Juice (Gr. gnsier the stomaoli), 36; 

changes which it effects in Uic sluinaeii, 71 • 
Gcliitiiie (Lat. gelo to congeal J, clemeiils and 
properties of, 41 i. • 

Geology (Gr. ge and logos a disedtH'M; %n the 
carili), k>ssoiis tuiiglit by, 22. ’ 

Geometry (tlr. ge and mf'tron Uie naeasurnig of 
laiiilL demonstrative princi;ilcs of, 3, 4. 

Georgiini language, 330. 

Georgian population, 334. 

(feraian races and their languages, 370. 
Germinatiou of seeds (Lat. germ* no to bud;,, 
process of, 85. 

Giblions, Jaryn.^Jtind voice of the, 143. 

(tiuglynioid condyle (Gr. gingfymvs and vidos 
liiuge-likc^ 178. 

Giraffe, skc'etoii of the, 23G ; bony structure of its 
head, 238. ' 

Glaucns ( Lat. glaaous sea green), locomctinn of 
tlie, 80. 

GlobuliiA^ (Lat. globus a ball), priiidples of. 46. 
Glossuliyal ((ir. glo^a tlic tongue, niul hyuul 
the bone UaC tlic Greek kttoi' upsilon'i, 181. 
Glottis (Gr. glotta the tongue), 123: ou tlie use 
of tlie term, 125 ; Mae scat of the Litaan voice, 
125, 126. / 

Olutt^i (^atf the buttocks), 251. 

Glyptoduns (Gr. gttipho to oqp'ave, and odous 
a tooth) of S . Junorlca, 165, 

GGbioids (hat. gobio a guffgecni, and Gv, eidos 
TPsciublaTicc), cstecdcntincofthc, 273. 



tiad, au iuflnito, inteUli*ent Power, 30. 

Uoldflndi. song of the, M9- 
UoulfidontH (Gr. an angle, and odaut a 

tooth), teeth qf the. 270. • 

(Joose, skeleton of tlig, 222; qnllP fcitthc:'H of the, 
223. 

Gorilla, donlUion of the, 29'^. 

Gouuqua t . of Africa, 30$ . • ^ 

Grasses, the great fonily of, 21 . % 

Grasshoppers, their wonderful power of Icapi-ig, 9"; 

miiHical sounds of the, ir>l, , % • 

Gravity, law of, discovered by ohserra^ou, 

Grindera of the elephant, 280 r/ scq. 

GrylloUdpa fGr. grillizo to grunt, and Lat|fa/y>'( 
a mole), bones of the, 204. • f 

Giiarnni Tiidiniis of S Aniericn,358 ; their Imiguuge. 

S.'iO ; diflen'ut trilics of the, tb. % ^ 

Gtienoas Indians of S. America, 302. 

Gum, general prevalence and use of, 4/. • 


ihemal arch (Gr. haima blood), of the \fcrteb]^i, 
I OS, 177; of the ocupital vertebra of the co l- 
flail, 17,'» ; cnllA the hyoMcfin arch, 177 
Iheinal arches of tlie^kull~-the scapular, thchyoi- 
dcan. the tnandibuUu’. and the tnakillary. 180; 
diverging appendages of the —the pectoral, the 
branebi-ostegai, the opercular, and the ptery- 
goid, 180. 

llicmal .spine of ptu'ictal vertebra, its divisions — 
basilo'al, glossohyal, and urohyal, 177. 
IlauiMpophV'ses (<Jr. hnttifa blood, and apophjf»is 
spvinjiug flroiii), bones of the vertebra, IfiM vl 
srq. no-’pc. • 

IIa'tnapoph<:sis of tlio parietal vertebsa, its divi- 
sions -epihyal and eeiatohyal, 177. ^ 

ilaiiUh i ndiuiis of N. America. 35,1. 
lluiltsa Indians of K. America, 35.5. 

H.m-, texture and colour of, among tiic ditrercnl 
^ races of mankind, 31 1 . 

Hallux ^t. the great toe), 221. 

JJan* Indians of America, 3.M. • 

Uariiyia Pallaaii (Gr. harpazo to scUc, and 
Pallas the goddo-s-i Minerva), wing#of the, 94 
I Head, lx)iii'.s of the, 179 ; and their cl.issifleation, 
179, 180 ; struciufoof the, in fishes, 183. 

Health, import, lut p^epts supplied bypUysiologv 
for the maliitenauco of, 1.57. * 

Hearing, sense of, in various animals, 10% 104 ; 
ahsenee of, tlioeanscof dimiiincss, 139 ; organ of, 
171 ; in the cod-fish, 176; the petrosal and the 
otosteul ortl^o rod-flsh, 170# 177. 

Heart, aiiat#iiiy of tlic, 63 ; ititWchanism, 61. 
Heights, Inaccessibif^ first rude measnrompnt of, 
8, 9 ; application of trigonometry to, 9 . ^ 
Hellenic races, aud|^helr languages, 370. 
Hemutosiue (Gr. haima blood), principle of, 46. 
Himalaya, mountain tribes of the, 312, 313. 
Hindostan, mountain tribes of, 3,13. 


H4ppopotrimus (Or. hippos a horse, and potamos 

I a river),^keleton of the, 24li ; tur^al Ikwhsk of 
tl»cr213. 244. 

^ IlippQric acid {Qr^hippos a horse, an4 IjUt. un u a 
urine), properties of, 4/., ^ ' 

U<^, its larynx and voice, 112; ostcolojjy of tin*. 

^1 ; dentition of the, 3 >2. 

Holoptyehius (Gr. holos entire, and ptj^rmts a 

• plicidciitino of llie, 27.3 • 

Hodt'd bt^lsts^ cvcu-loed, osteological chav;u.>tc:'.s 

of. 241. • • 

Huttfeil i|iuiiiruj9eris, s^eletoii.s of, 233. 

^lore^ill. eiiqpuious beak of tiie, I671 • 

Horn)' •inltvT, varietfcs of, 46. 

Horse, its hiryugeek organs. lM;skcyotQn of tlu- 
232 ; its verlij^ral formula, 233 ; its tarsal bones. 
JM.3. 244 ; i^icisor tooth of the, 267; herbivorous 
denlitUm of the, 283 ; its upper aii^lowcr molars, 
^8i ; development Jhd sitecessuui teeth in 
tlie, 28.5. • 

Hottentot race of AfA'ii, 366 ; thoiycharacU'riKti.s, 
ib . ; various tribes of the, ib. ^ 

Human speeies, valid ica of the, 395 et seq. (see 
ETUNOLiOOV). 

Human teeth, homologies of the, 303. 

HungariaiKS, 11 tribe of Ggriiin stock, 322, 323 
Ily.vna, dlcvtition of the, 281; sticngth ol lus 
jaw, tb. 

Tlybddus (Or. hybos Iiump-I>uckcd, and oduus 
a tooth), oateodenUiK* oniit*, 273. 

HP'dru viridia (Gr. hydvr watei, and I.at. //« 
green), loconiot iou of the, 87 • 
llydrftgcn gas {hydor water, and i^ennno togciie- 
rnle), experiment of burning wirii oxy^^ii aii9, 

Iff ; propr'rties of, 42. 

Ilydromys (Gr. hydor watei , and mni, a mouse), 

• 27a 

Tl.voldPun arch ((Jr. u-ridos liki* the letter G), 
the name of a h.-umal arch, \ 77 , 1 81 . 

Hyofttemal (Gr. hyo, and sternon the* hivist 
bone), 216. , 

llypapophysis (<Jr. hypo below, and apophysis 
siwlngiug from), Ifll). * ^ 

Jfypcniftdon (Gr hyper aboie.and o tous ;ituo(li », 
dentition of tlie, 2/8. 

Hypotennse ((Jr. hypo under, and feino to sitUend 
nn angle), niathematiea^Drojiertie* of th^3. 

I Ilypostonial (Gr. hypo umhjj*, .and sieruoti tlie 
breast-bone), 21$. , • ^ ^ 

llypolympiinic bone (Gr. hypo and fytnpaiion 
under the drum )f 1 78. 

Hyrnx (ftr. Ayra.r the rock rabbi! ), dentition of 
the, 301. 


Iehlhyo.«iuras a fish, and saura n 

Hjttrtl), verti|brnst)f the., 202 , ^ 

Iees.androa8 ]||lmts (Gr. en'Arofi twenty, mu’ an'T 
a man), thA* edible properties, 21. 
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Iguana, osteology of the, 199, 200. ^ 

IguunOduii (iguana a sawiau rejitUo, and o loug 
a tooth), dentition of the, 2/5. * • 

Iliac bones iiia the flank;^, 217. 

J* Ii^lsor tooth, niagniflcd section of tins, 264. 

liv^ors (Lat. iueesdo fo cut In), of tlw carnlcora, 
281. • • 
Incubation (Lat . inenbo to sit upon), progress of, 
)n tile cgs, • • 

India, dl(rerci|t races of , 312,31.1; poptfiatlonft of, 
MO; languages and i'cli.^lun*or, ^5. ; laiiKuagof 
d«?rivcd from. .17-. * • • 

indinncmccs of tlic .\mrrican group, j|!i9 et 
T ndiictlon, nluise of tho term .•25, 26 . t. 

Industrial cd^tratiuM, important of, ‘.6, 2/. 

Inert matter disthigiilshcd from OT{|^ii)ic. .11. 
Inferu-branchiiUa (J,at. infertin ^ciioath, and 
hrnnrhia ll*o gills), respiration in the. 77. 
IiiliKSoria |f,nt. infuaua iufasml). microscopic aiy^ 
uialcnla, 87. • 

Inquiry, iiaturaLto man, ISO.e 
liiHocts, (.ircnlii^Ton of the Hood ill, 66 ; respiiation 
in, 77 ; locomotion of, 89 ; their action in leap- 
ing, 90 ; smell of, 97 ; eyes of, li’O ; their sense 
ofhearCng, 103 ; their sense of touch, 106 ; an- 
tennal of, 107 ; on the buzzing produced l»y, 1.51, 
i:>2. « * 

Instinct, powers of, 111, 112. 

JntercoiulJ’Ioid tract (Lat. inter between, and (ir. 

kondyfoa a protubeAince), 225. 

Iodine (Clr. lOffc# n’scmblitig a violet), eIomei#H 
of, 42, 

Ischium (Gr. iarhis the lumbar region). 217. 
[| 2 >quoM. tribes pf N*. -America, .152, 3.i3. 

IroA, its uep«!rtnnt othccs in oi'gauic nature, 4.‘>. 
Iron laiiguagu of tlie Caucasus, 330. 

Iron population, 334. < 

Italian riw'os of Europe, and their laugnages, 370. 
Ivory, supH -lied from the discovered tusks of the 
mamcioth, 286 ; musketeballs often found in, 15. 


• • 

^cchus (Gr. iarho to cry aloud), doutitioii of the, 
300. 

Jackdaw, voice of the, 149. 

Japanese, a trllx*. of the .\siatic rcninsular stock, 
325,%J6. • 

Jaws of flshei^ modfOcaiions of the, 1.81 ; of tlio 
^ boa c<9n8tcictor, |9.'>. • • 

Jay, voice of the , 1 19. • 

Jokongs, cliaruclerUtics of tlie, 317; tkoir lan- 
guage. ib. 


KabollB, race of the, in AtKca, M5. 

Kafir population of Asia, 336 ; iheli^religion. fi37 ; 

enstoms £id eharsHteristica of the|^7, 338. 
Kaflhe race of Africa. 360. • 


Kamsaadales, a tribe of tlio Asiatic Fcnlnsulnr 
stock, 32.1. 

Kangaroo, Us netioii in leading, 9.> ; Its larynx 
and voico, 142 ; sl^Meton of the, 253. 

Kclmnoneslan pi^nhitlon, 3^. 

Kelts; races of the, 370. 

Kenuy Imliuos of Cook's Inlet, 351 . 

KesC!^!]. voico of the, 1^9. « 

Kmtka,^..l(ic frontier town of Vongolia, 316. 

Kidneys, structure and functions of the, 78, 79. 

KAunaliri tribe of N'^ America, .455. 

Kit^'lcdgCi^u the nature and uses of the great 
departments of, 1 ; first indimcnts of, 2 ; promi- 
iicnt|groiip8 of, 2 ; arrangement of, 23 ; uses of. 
f5. ; ftot to be sought Ci spoeulation, 1.59. 

Kulucli Irllios of N. America, 3.54. 

Ko^aqua trilsfeior Afiicn, .166. 

Koriaks, a tribe of the Asiatic roninsiilur stock, 
* 32ij. 326 ; a general inline f >r Mirious Asiatic 
triw's, 326. 

^Kr^ittino (fJr. krrna ft(>sh). elements and proper- 
ties of, 46. 


I.abro!ds (dr. l,tbroa vnracians. and oidoa ap- 
pearance), dentine (f the, 272. 

Lab> ilnthodouts (dr. lahyrinthua q laiiyrinth, 
and odona a tooth), a singular v.-iriety ot extinct 
i Jlntraeliians. 26/ ; Iculh of the, i5. 

I Lttcrjrmals (Lat. Incrjfmtr tears), I!»4. 

! Lncteal ves.seJs (J.at. milk), functions ct the, .16, 
68, 69. • ^ 

LameHifiirin tiKdli of fishes (Lat. lahina a thin 
plate, .and/or»ia slmpo). 271.' 

Ltincclct-tls^l, skeletal ft'amo work of the, 168. 
Lnnguj^ge, a mental nianirestntion. 30/ ; stnicturu 
of, among difTcrent races, 398 ; inoiio8.>’llal)ic 
forms of. in the East. 31.1; of the Cuiicfl.><iaii 
races, 330, 331 ; of tho Ciren.ssians, 332, 333. 
Languages, origin and progress of, 1.*^* of the 
East, 314, 315; of the Oceanic trlbc>.s. 347, 318. 
Lark, song of lib, 147. 

Larynx (dr. larynx a whistle), .anatouiic.'il stnic- 
ture of tl#, 119 ; basement ring of the, 120, 1 21 ; 
chink of the, 12.1; inusclo^ of the, 123, 124; 
ditrcronl theories rcspccti^" tlio, 126; c.xpori- 
ments on tho, 127, 128; of the nimin.'ints and 
flachydermata, 141; of blnls, 143 et arq. 
licnpinif of diircrcnt nnlinnls, 95, 96. 

Leech, locomotion of /.he, 89. 

Lemurldflc (Lat. lemur a hobgohlin), teeth of the, 
300. , 

I.^l’uurs, teeth of, 3!6o. ^ • 

Lcp!dosTien(Gr./{rpi« ascalt^and airen aw'atcr- 
nymiy I ),^)Bteodontlne of tlio, 273. , 

Leriduslcus (Gr. Irpia and ooKcon bony-scaled), 
a fish of the Ohio, 164. 

Lcptobranchil (Gr. leptoa slender, and branchoa 
the throat), order of the, 2G9. 
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Lesgiaos, tribe of the, 334. 

Life, the physical and chemical changes which 
accompany, 35. • 

Lignine (Lat. lignum wood^, properties of, 47. 

Lirubs of animals, nature of, 249a of the protop- 
ierus, <6.; of the ifoth, 246, 247; of the ffatra- 
Chians, IbJ, 

Linnet, song of tlie, 149. •. 

Lion, larynx and voige of the, 142 ; skeleiite of tTO, 
259-252 ; Its Jaws and teeth, 2t40, 281 . 

Liquor sanguinis (Lat. {lie sanguiferous diyd), M. 

Lithophj^tes (Gr. L/Aos a stone, aiuLpAui^ a 
plant), tlie food of the Scari, 273. 

Liver, on tlie structure and functions of Uie^3. 

Idsurds, locomotion of, 92 •larynx and vohit^, 1 50 ; 
osteology of, 108, 199 ; dental system of, 275. 

Lobster, its siicll a skeleton, 50 ; circq^tion of blood 
in the, 65 ; loooinoitun of tlie, 89 ; its seiisc^ of 
smell, 97. , 

Locomotion of diflUront nnlhial.H, 87 f'l »cq. ^ 

Logaritt\pis (Gr. logon and arithmoa u dlscoill'se * 
on numbers), great utility of, 7* m ^ 

Logt^erhead, a species of turtle so caljpd, 214. 

I^lo, mountain tsLbcs of, 315. ^ 

Lophioid fishes (Gr,Jophoa a crest or inane, and 
eition rebcaiblance), 185. 

Lophius (Gr. lophoa a crest), dentine of the, 272; 
pliddentiue of tlio, 273. 

Loucheux Indians ofAnierica, 351 . 

Lumliar veriebriu (Lat. lumbua the back), 203. 

Lunaro (Lat. ouo of tlie carpal bones), 258. 

Lunes (Lat. luna tlie cosscent moon) of Hippo- 
cratd9, 5.o 

Lungs, mechanism of the, 61; structure%nd func- 
tions of the, 74. » 

Lymph (Lat. lymphn pure water), its property 
and uses, 60 ; probable origin of the, 67. * 


^acrOptmiegans, or kangaroo (Gr. makroa long, 
aiidpous afoot), skolcion ofihd^ 253. 

Macusi Indians of America, 359, 3 'jO. 

Magnlitism (Gr. magnea a magnet )#Bcicncc of. 
15; properties of, 44. 

Magnitude, matheiifatical illastraUuna of, 5. 
Magnitudes, corvilinlar, measuFemeut of by I'ccti- 
linear, 6. • 

Magnum (Lat. magnua great), one of ih^ carpal 
bones), 258. . ^ 

Magpie, voice of tlm, 149. 

Mnjiars of Hungary, a trilic of tlie TJgrians, 322. 
Malacca, ethnography of, 341. • 

Malay population, 3l2. 

Malegasi population ol* Madagascar, 34»k 
Malpighian bodies ^f the kidney, 79. * 

hlammalla. Mammals, or Mammiferous animals 
(Lat. mamma a teat), looomotioa of, 93 ; tlie 
kidneys In, 78; smell in, 98; auditory apparatus 


the, 105 ; sense of toucli in, 108; their voices, 
140; bones of the, 162, 167 : principal forms of 
tbesskel^n in the, 228 ; dental system of tlie, 
278, 279. , , I 

Mammoths, tusks of,' discovered In various P^ts *1 
Of the wo^, 286^ mobi^ of Uie, 287, 288. ^ ^ 

Mdli, digest^e apparatus of, 36 ; principal organs 
of circulation in, 61 1 fdr-tubes and Uingstif. 74 ; 

I the lydneys in, 79 ; his action ia leaping, 95 ; 
hia orgaits o4 voice and speech, 119 ; his oritaiis 
smell, 98, 99; inquiry natural to, 159; llirAis 
227; skclpton fif, 255 ct aeq.; his varied 

* po'i^ of ^tion, 257; skull of. 258; his g^^pta- 
tion Ip an ei'ect pasture, 2.57 ; modiflentions of 
tlie skeleton of, 2^ ; tlie sole sgecles of his genus, 
and the only rcpiesentati?© of lus*order, 263 ; 
his teeth, d^tfduous and permanent, 303. 

Maiidibdlar nrcli (Lat. mandibulm the Jaw) of 
the boa-constrictor, 1B5. y 

Maudrucu Indians of S. America, 361 . 

Manganese, where Osund, 45 ; its^xistence in Uie 
crust of the earth , 86. ^ 

Mankind, importance of tlie skull in judging of tho 
varieties of, 307 ; texture and colour of liulr 
among the dilTorent varieties, 311 various 
mountain tribes of tho East, 312, 313, 315; the 
primaig divisions of. 316. 

ManQbrluin (Lat. a hilt) of the mole. 248. 

Manzanillo Indians of Central America, 359. 
Marmoset moiike.v 8, tcctli of the, 300. 

IV'IhrsupIal bones (Qr. maraupion a pouch), 163. 
Maitedane Indians of S. America. 364. 

Mastodon gigautcus (Gr. maatoa an uildcr, niid 
odoua a tooUi), tusks of the, 294* m ^ 
Mastoid (Gr. maatoa and t>idoa inpj>lc-shAiK>d),Y93 
Matuumatics (Gr. mutlinmu Icnniing), de- 

• moustrativo principles of, 3 ; objects of. 5 ; 
truths of, solf.cvldent. 7: laws of. ditlorent fl'om 
physical laws, 11; its truths intuitlfu, 4, 28; 
domonstralions of, necessary truths, 32. • 

MaxIMry bone (Lot. maxilla the Jaw), 1/8. 181; 
oftlic boa-coustrictor, 194; divcigiug .‘ifipciuingcs 
oMhe, 259. • 

Measurement of inaccessible heights, 9. * 

Medicine (Lat. medico to heal), physiology the 
handmaid of, 1.57; and the triUiSt guide in, 158. 
Medflsffl, tlielr locomotive organs, 87. 

Megalichtliys (Gr. mega* gijuit, and icWiUa a 
fish), dentine of|he^272. * ^ 

Megalosaurus (Gr. megaa great, and aauro% a 
lizard), tooth oftAc, 275. 

Mog&Ion^x (Gr. megnle great, and onyx a claw) 
an extinct raco of quadrupeds, 245. 

McuattiSilum (Gr. mega great, and therion a 
Mast), An extinct race of quadfupeds, 245; 
teeth of the, 29f; deductions firom tho dental 
syftem of tli%, 29t. ^ 

Membranes, q||lmal, prodacc*!sounds even when 
relaxed, 13^. 
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MemlnUioiutongQes, vibrating, 119. • 

Henopome. vertebral skeleton of the, 187. 
Mesocaloftneal ptiocesB (Gr. metot middle, and 
Let. ealevneum the heel), 295. 

* 3||^nceph&lic (Or. metoa middle, en In, and 
the head), 103. ^ 

Mesocunelfonn (Or.mraoa middle, and Lat.cMn^ua 
a vrdige) of the hind foot In animals, 243, 244. 
Mcsoseemals ^Qr. meiot middle, and v/es’non 
the breast-bone), 216. • * • 

3lfisotymp4n!o bone (Or. mes\i 9 and tympanon 
the middle drum), 177. * * • 

Metacarpal (Olr. meta with, and ^arpo|,, the' 
wrist), 211. r # 

Metapoph^sts {Orfmeta hetwp^i, and apophpait 
springing from), 169. ^ ' 

^Mexico, population of, 351 . ^ 

Micron^on r^ulatlon, 343. 

Miiic5pie)h-ace of the. 31 0f31 1 . ^ 

Mind and matter, sensation tlie link between, 1 10. 
Mineral natnrOi^reSation of oi^anic nature to, 86. 
Minerals, phoefiliorus derived from, 43 ; potassium 
derived from, 44. 

MineralOffj, vast Importance of a correct know- 
ledge of, 10. 

Mississippi, Indian tribes of the, 356. 

Miahdzhcdahi, populations of the, 334.f « 

Mohawk lri(]Uols Indian, 355. 

Molars of the elephant, 286 et aeq ; their succes- 
sion, 299 ; their development, 290 ; of the hog, 
302. •* 

Mole, skeleton and bones of the, 248. 

Molluscs (Lat. moiha soft), circulation of the 
f ^lodS In, 65^ respiration in, 7/ • 

Momentum and velocity, 14. ‘ 

Mongnlians, territorial boundaries of the, 31 6 { 
their tVontior town, ib.; their nomadic habits,*' 
316, 317; physiognomy of the, 317; tlietr great 
warrloT&,s5 ; Marco Polo's account of them, ib.; 
thei^* domestic habits, ib,; tlioir religion, 318; 
ttioir funeral ceremonies, ib,; their system of 
war, aiV. 

Mdiikeys, tectli of, 300 ; larynx and voice of *^hc. 

^ 142, 143. 

Morse, skull and teeth of the, 282 
Moskito Indians of Central America, 358; Ian- 
gua^ of the, ib. 

Motionif on the law8^of,'‘9, 10. 

Mountaiueersf dlflbront groups of, 312 ei aeq. 
Mmkos^ndians of 8. America, 364. 

Moy, mountain tribe of, 315. < 

Mucous membrane (Lat. mucoaua sllm^, 53; of 
a dog, magnified, 69. 

Mule, its larynx ana voice, 142. 

Muscle (Gr. t<*pon a muscle), m rira bontnofion 
of tlie fibres of, 48; effects w contraction, 49 ; 

^ two kln(}s of mnscnlar tissu#^ 47r tonicity A the 
muscular fibre, 4^ muscular tm^re constitutes 
a largo portion of the aulmal framb, 50. 


Music, Instruments of, and iheir vHmBtlons, 88 : 
mosica! notes, or sounds, distinct ftom noise, 
117, 118; adaptation of thc^VoIce to, 132, 133. 
Mustela (Lat. the wetsel), dentition of the, 300. 
Myce|es (Gr. nMkao to hop^l), larynx and voice 
of the, 142; dentition of the, 300. 

Mj'lSdon (Gr. a grinder, and odoua a tooth), 
^#extlnct race of quadrupeds, 245. * 

Myliobb^ (Gr. mpliao to «rind, and batoa a 
thorn), a genus of fishes behmglug to the Ihmily 
Staldv, 270; vasqdentine of t^e, 273. 

Myilpino natter (Gr. myon a muscle) of animals, 
16i<l. * 

Myrlo||lit1a (Gr. myrioa a myriad, and podea 
feet)ar&piratlon in thb, 78. 

Myrmccophuga (Gr. myrmoa an ant, and phago 
^ eat), edentulous animals, 278. 

Myxiiiokls (Gr. myasa mucus, and eidoa resem- 
' blauco) teeth of llie^ 260. 


N|maqga tribe of Africa, 368 

'Narwhal, jaifrboncs of tlic, 278. 

Nasal ^itoiiatiou of the voice, 133. 

Nasal vertebra, 170 ; spine of the, 259. 

Natatorial birds (Lat. natatfirea swimmors),226. 

Natches Indians ofN. America, 356. 

Natural IHstory, allied witli the descriptive sci- 
ences, 18 : Importance of tlie study of, 19. 

Natural laws, on the Ignorance of, 2.5. 

Nautilus (Lat. nauta a sailor), fable of the, 88. 

NemcstnnaloiiglrostrisVGr. nemn a thread, and 
Let. longia roatrta with long beaks), '«ucLiiig 
trilic of-iho, 106, 

Negro poputotion of Africa, 369, 370 ; language of 
the, 371. 

Nepal, mountaineers of the western parts of, 313. 

Nerves, structure of the, 51. 

Nervous texture of the animal system. 47 : two 
forms of, vesicular and fibrous, 50. ^ 

Neural arch (Gr. 7teuron a nerve) of^o verte- 
br®, 168. ^ 

Neural arches of the skull— the encephalic, the 
mcsence^alic, the prosencephalic, aiidtherhl- 
ncnecidiallc, 180. ^ 

Neural spine of parietal ve|:tebra, called parietal 
bone, 1 76 ; of (Ishca, ib . 

Nllirapophy'sls (Gr. neuron a nerve, and apophy-- 
aia springing from), a neural proves, 159 et 
aeq. aenpe; of parietal vertebra, called aliaphe-^ 
noid, 176. 

Neurilemma (Gr. neuron a nerve^ and lemma a 
Hj^at), 51. ‘ 

Newne matter of animals, \^. 

Nouro-^kcleton, 163, 164; segmental composition 
of the, 168. „ 

Keuro-skdetal segments or vertobrie of the skull— 
the occipital, the parietal, the frontal, and tiie 
nasal, 180. 
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New Zealander, the, 344. 

Xiboaiie Indians of S. America, 364. 

Nicaragua, mount^ii tribes of the, 338 
Nightingale, song of the, 1<8. < 

Nile, TarlouB races gf the, 367. • 

Nltrdgen <Gr. nitron nitre, and gennao to gene- 
rate), properties of, 42 

Non-vegctatlvo fuiictioiui„^ot essdLtial to 131^38. 
Notation of teeth, $04. \ •{ 

Notochord (Gr. nafor the back, aadehorda cord), 
the ombrjonic^orsal gelatjpous chord^72.* 
Nubian tribes of AMca, 367. ^ m 

Nadlftranchl&ta(Ijat.audar naked, and hrJ^rMte 
gills), respiration in, 77. | 

Number, properties of. Iituitivo, 7. * / 

Nuthatch, voice of the, 150. 

N ulkans of Vancouver's Island, 35^ ^ 

0 

Observation, fallacious wftliout knowledge .%7, 
OccipY^ vertebra (Lat. occiput the back plrt <9 
the head), of the ood-tlsh, 17b s of th# pytj^u, 
192. a 

OcsaNio Groi:^ of populations, 341 ct *^q » : the 
Protouesian bcai^hofthe Amphinesians, the Ma- 
lays. and the Philippines, 342 ; the Polynesians, 
the Micronesians, and the Malegasl, 343; the 
Papuans, tho Kalaanonesians, the Australians, 
nud the Tasmanians, 344 ; the Feejeeans, 345 ; 
the Seiiiaugs, and Jokongs, 347 i tlui ^iVitu Island- 
ers, 348. 

Odontoid process of tlie sods ('Qr. odouM a tooth, 
an^ida.1 rusombliuice), 201. 

Oil, a constituent of organic bodies, 47.'* 

OUiictory capsule (Lot. olfacto to suadl, and cap- 
Mula a little covering), 194. 

Olfactorjrlobcb, ilie, 176- * 

Operciilum (Lat, a covering flap), bones of tlie, 
1784 consists of four bones, the preoporculor, tlie 
oper caia r, tho subopercular, and tho inturopcrcu- 
lar, 

Ophidia, (see Sbkpbmt Trioe).% 

Opinions, profession of, 29 ei oeq, 

Opisthoccelian typo of vertebrae (Gr, Aos be- 

hind, and koilot concave), 202. 

Opossam, its iaryt& and voice, 142. 

Optic foramTna (oir. optomai to see, and liiat. 

foramen «n opening), 193. * ^ 

Oral canaj|, (Lat. orts of the month), situation of 
the, 125, . ^ 

Orbltosphenokl bones (Lat. orbie a circle, Gr. 
ephen a wedge, and eidoe resemblanoe), 177# 

1*3. » • . 

Oregon tribes of N.*^ineriea, 357. , ^ 

Organic bodies (Or., organon an Indlrt^ent by 
which some progBSS Is carried on), general Ainc- 
tioiisof, 39; eluents of, 39 et srg.4 nltimate 
elemeBts of the flnst order, 41 ; of the seoond or- 
der, 42; proximatoelemaals of, 45; the uon- 


^ azotized proximate elements of, 47: theciiiut 
component textures of, 47. 

Organic lAb, leading otgects connected with, 85 : 

its relation to gilnend nature, 66, ^ 

Organic matter distinguished ftom inert, 34 ; 

sition of^nert iQfitter u!lo organic, 153, ^ 

dlganle nature, disquisiliou on, 33 et reg. 

Organs, assimilative. 37. . * 

Orino^, various Indian tribes of the, 362,^63. 
Or#ithorl6ynchu8(Gr. omit hoe abird.aud rAyn- 
choe a beak), ttotb ot Ute, 278. * • 

QfyeterOpus (Or. t^pkter n digger, and pout a 
fjMt), to^ of the, 268. • • 

Os^qgcjlrgls (Lat. 00 a bone, and Ur. kokkux a 
cuckoo), 258. * ^ # 

Os Innomiik&tum (Lat.^tlie nameless tone), 193. 

Os spheno-ftfApltal of the skull, 259. ^ 

Osseous system, primary classlfluqaionof tho, 1G3. 
^Bsete population, 33#. # 

Ossicles (Lat. ossiculum a htUe bone), 212. 
Ostelno (Ur. oeteom a bone), tha matter or tissue 
BO called, 161 ; arrangement <7^166. 
Ostoodentine (Or. oeteon a bone, and Lat. dene a 
tooth), 265; in various genera of flidies, 273. 
Osteology (Gr. osteon and togoe a discourse on 
bones), principles of, 161; general and special 
ierniaia, 260, <1100 Skelrton and Bonks). 
OtAcrano (Qr. ota tho ears, and cranion the 
skull), 171 • 

Ourang-outang, larynx and voice of tlie, 142, 143; 
a skeleton of the. 255 ; dentition of tho, 298. 

Owl, its eye-balls 102; its ears, 105; voice of the. 
149. 

Ox, voice of the, 141 ; tarsal biyies ofjhe, ^.3, 
• 244 ; red corpuscles of its blood. 57 . * 

Oxygen (oxue acid, and gennao to generate), 
properties of, 41 ; physical history of an atom ot, 
86 . 

Oxygen gaa. Its tronsmutaUons, 87. * 

Oyster, its locomotive powers, 96. • 


i*akhyd^rm&ta (Or. pacAus tlilck, and dermata 
skins), voices of the, 141 ; dentition of the, 30R 
Paduca tribes of N. America, 356. 

Palatine bones or Palatines (Lot. palatum the 
palate), 1/8 ; of the boa-constrictor, 194. 
Palato-pterjigold process ^L^.p alatum t!^ palate, 
and Or. pteryg^idoe wing-llke, 05. ^ 

Pampa Indians m S. Jkmerica, 382. ^ 

PancrAatlc llqaot^CGr.^an and chrea* all flesh), 
propetties of the, 72. 

Papuan population, 344. 

Par. the, identical with the fry of salmon# 20. 
TSxapoplatfaM (Gr.paratraDBver8e#9nd apophyeie 
a process), teg. eeope. 

Parietal vertgi^ra fLat. partes a walU, 177. 
ParocdpItaJ^Gr. para filbi, and Xat# occiput 
back of thrihaad), 218. 
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Parrot-flahos Jawff and food of the, 273. « 

Parrot tribe, voice of the, 15®. ^ 

I'atatronlana of 8. America, 362. * 

Patella (Lat.a little dish). 218 ; mf the aloth, 246. 
Pati^oloey (Gr. paihot ^d logoa a dlsconrae on 
dlseoae), phyaiology the handcmald ef, 157. ^ 
Pectinlbranchtata (Lat. pecten a comb, and 
bran^hitB gUJa), respiration In, 77. 

Vec ordl fln oftheood-llahCLat.pac/ustltehteifet), 

Pogn, colour of tho Inhabltantjit of, 311. 

Pelvic arch of the crocodile, 21 2 . * « 

Pelvis of birds (6At. pelvic a basin), HSi. p. 
Penguin, locomotion of the. f3. f 

Peninsular stock ofeAsla. apd ^ir various divl- 


Pigeon, red corpuscles of Its blood, 57. 

Pike, skull and teeth of tho, 2^. 

Fima Indians of K. America, 3b7> 

Plsiforme bone (Lat.^ifsttm a pea, and forma 
foni^'I, 21 1 ; oift of the car|ial bones, 258. 

PkthPeuB Sntj^ms (Gr. pitheg an ape), skeleton 
of the, 255, 256. 

Pl^ifts, attraction between them and the sun, 13 ; 
cause ^the curvilinear patlaof the. 3U. 

Plmits, an agreement existing l^tween them and 
&lmais, 34 ; disVnguished from animals, 35 ^ 
sapf^f, 80 t'food of, 81 . 

Plasom^Gr. p/dsma assimilation), the colourlese 
fluid ^tho blood, 161. 

Piastre^) o!* the turtle, 2l8. 


sions, 325. ^ 

ilcntadactylo foot of birds (Gr. petite five and 
daktyiOM a ikiger or toe), 225. 

Perch, tceftfi of tho, 270. ** 

Pericardium (Gr. pt^i around, and eardia the 
hoart), tho B|fous membrdhe of the heart, 54. 
Pcrcoids (Ur. p^rkoi siiotted, and eidos appear- 
ance). osteodeiitlne of the. 273. 

Periosteum {(it.peri and otteon around the bone), 
166. • 


Pcrlssodaot^'laorPerissodaotylos (Gr.jprrfssor an 
odd number, and daktylos a finger cjr toe), 
236, 237 : the extinct and existing genera of, 237 ; 
dentition ofthe, 300 

PcritdiiGum (Gr. p/sri around, and teino to 
stretch), tho serous uiombrane ofthe abdomeiiV 
54. 

Persia, population of, 335 : language and religion 
%f^ m • 

PetrOsal bone (Gr. petro» a stone), 17®. ‘ 

Peru, numerous Indian tribes of, 364, 

Phalanx (Gr. a row of soldiers), 211. 

Phorynx (Gr. tlw throat), poeition and functions 
ofthe, 1^5. 

Philippines, population ofthe, 342. 

Phosphates^ (Or. phot light), constituents and 
properties of, 43, 

Fliofbhhrus (Gr. phot tight, and /era to be9r), 

^properties of, 43 1 derived froMi minerals, ib. 

Physical structure of the dlfiTerent varieties of man- 
kind, 307. 


Pbysiu^JQr. phyofo nat|ve), various departments 
0 ^ 14 . . 


PII'^IOLOOT (Or. phytio nature, and togot 
a dtscourse), general laws of, ; Important ob- 
jects of, 17 ; on the order In, S3 ; of anftial and 


vegetable lift, 33 et teq,(ooo patoim} i lisgene- 
ral nppfleation to the chief purposes of lift, 1^3 
el teq.i th# hhnd-mald of mj|lidno,*l57 1 and 
its truest guide, 153; dedgn maalftatod in, 158, 
ali3vnntitpX|^ofG<^l5^ ^ 

Ph^Q^flmy of dlflerent races, ao#| ofthe Mon- 
golians. 316, 317. 




Platox (Gr. platut wide), teeth of the, 270. 

PlaV'coeltant}Q»e of vertebra (Or.p/cGtt«llttt, and 
koilot concave), 202. 

^.Pleura {Qr. pleuron afib). the serous membrane 
of^tne chest, 54. 

Pleurapopbfses {Gr. pleuron a rib, and ttpophy- 
oit spiking ftom), bones of the vertebra, 168 

' et teq» tafijt, 

I Pllcidcnliue (I,at. pltco to knit totfethcr, and dent 
a tooth). In varioos genera ef fishes, 273. 

PodQra (Qr. podet feet, and oura a toll), its ac- 
tion In leaping, 96. 

Pcdson-fiuigs of snakes, 277, 278. 

Polygon (Gr. polu many, and gonio an angle), 
lUustratfons of the, 5. 

2\>lynesian populations, 343. 

PolyptOras (Or. polu and* pteron many-flnned) 
a fish of tho l^Ue, 164. * * 

Popular etWs, 24. 

Populations Of the world, (see Ethnolooi). 

Porcup^ie, skull and teeth of the, 283. 

Porpoise, laryngal organs of the, 14tf ; teeth of the, 
278. 

Post-firontals of the skull (liOt. po»t behind, and 
/roar tbe focehead), 177, 194. 

Postgl^nold process of the horse (Lat. ^rosTbehlnd, 
and Ur. g/en#tbe pupil of the eye), 235. 

Potassium (firom pot and athes), elemoits and 
propertieAtf, 44. 

Poulp, eyes of the, 99. 

Prolrontals of the skull (Lat.^pr« beftre, and 
front the forehead), 178, 194. 

^ PrdtDandibttlar bone (Lat. pra before, and man* 
dibuin the mandlblo), 271. 

FromaxiUory (Lat. pgis before, and majtilla tho 
jaw), prooesB of the. 194. 

PremaxfIlaKy teeth, 271. ^ 

Pnft^lon (Lat. pAe before, laa/b to grind) 
of the carnivora, 281; of thg bog, 302. 

X*resphe«ol^ bone (Lot. pr « before, and Gr. tphen 
and eidoo wedge-Uke). 177<« «€ the pyttwn's 
sknll, 193. 

Fretymp&nic tMMie (Lat. prm before, and Or. Ijwt- 
panon a drum), 17^' 
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PrlniHriaB, the primary qalll-rcathors of Urda, 222. | 
Princlplea, profesaion of, 2D et I 

Prionddoii (Gr.prftn asair, and odouB a tooth), 
dentine of the, 2/2. * * 

Priatla (Gr. a Hawyaii), vasodentfne of the, g73. 
Processes of the skull, 180. 
pTociiOmlal ridge (Or. pro before, and kneiM Uie 
knee), ^4. • W 

Frucoilian (Gr. pr A before, and A;oi7o«\pncave) * 
type of vert.(>br4t. 201 . ^ 

Proportion, tho great Instiument ofOnbstract 
solace, 7« ^ I 

Prosencephalon (Gr. pros before, cn M, and 
kephale the head), 193. ^ m 

Proteus (Gr. protenit {^marine deity ^.fkeletou 
and limbs of the, 243. 

Protclne (Gr. protos first), dlftere* forma 
Prutonesian population, 342. 

ProtoptPrug 'Gr. protos Jhe first, and 
wiin; or fin), is/; skel^on and limbs of the^42|^ 
Psaniirftdas (Gr ptammot sand, and adout a 
tooth), vasodentlne of the, 273. * # 

Pseiiddpus (Gr. paeudoa iolee, an# pous a foot) 
ofthe lizard kfiid, 199. e 

Psycliology (Gr. psi^cAtf and logoa a discourse on 
mentality, or the sohl), essential to precision 
of language, IS. 

Ptcr5fgoid process (Gr. pteryM and eidoa wlng- 
liko), 179, 235: of the boa-constrictor, 194. 

Pubis (Lat. pubea the secret parts), 217. 

Fulmruiaiy aracimidoans (Ltypa/mo tho lungs, 
and Gr. arachne a slffidor), rcspiraiiou in, 77 • 
Pulp-^ylt^ of tlic teetli, 265. 

PycnOdonts (Gr.pyknos thick, and odoi^ a tooth), 
denthio of tho, 272. • 

Pyramids of Egypt, first measured by ThaJ|», 8. 
Python (Greek name of a largo serpent, ftnm * 
pyt/to to poison), osteology of the, 192 { skull 
of the, 193. 

* mm ^ 

Quadricnspld (Lat. guatuor foT^ and cuapia a 
point) shape of tlie molars, 299. 

QuadrOmAna (Lat. quaiuor fbur,^nd manna 
hands), larynx and voices of the, 142 ; limbs of 
the, 227 i skeleHm of the, 254, 255 ; teeth of 
the, 298 ; of SoulA America, 299, 300. 

Quadrupeds (Lat. quatuor four, and pedea fijpt), 
locomotion of, 94 ; acute smell la, 98 ; herblvo- * 
rouB, ril^leton of the, 237. 238 ; extinct genera 
of, 237,242 ; odd-toed, 236^ oven-toed, 237i 241; 
extinct races of, 245. m 

Quanto, m^fetaln tribes of, M 

Qulchua Indians ofcAmerica, 359. 

QuiU-fbathen of birdb, their different ijpnies; 223. 


Badlus of the ood-flsh (Lat. radiua tho lesser | 
mn-bone), 17A> I 


Hkptorlal birds (Lat. rapiBrea solzen). 226. 

Rasp teetl^ 270. 

llattfesnake, vertebra of tbo, 196; polson-fiuig ol 
the. 277: 8&ulle>fthe,278. a , 

Raven, voice of the, 149. ^ 

Rgason, a dbllectl«a power, 111. 

Rod corpuscles of tho blood in man and different 
animals, 54. 56, 67* 58. 

Rc<t Indians, ethnography of the, .^lO. * 

Keifroducl^on. fiinctions of, 38; progess of, analo- 
gous in animals tmJl vegetables, 81 ; m tlie aidmal 
tdngdom, Sf. 

.Repl^la, or«eptlleB(Lat. reptilia aeopln^fnlong), 
cbrcillAtlon of tho ^lood In, 63 ; respiration In, 
76; locomotion^f, 91 , 92;«mctl«in, 98; eyes 
of, 101; ftic|§ sense of h^ng. 104; their sense 
of touch, 108 ; larynx and volco of. 15U ; compo* 
sitton of their bones, 162; principal forms of the 
% skeleton In, 186 et Hq.\ dental system of, 274. 
Respiration (Lat. reapiratib continuous breath- 
ing), organs of, 7^ ; mechanlsi% of, 75 ; In birds 
and different animals. 76, 77. a 
Rhinoceros, its larynx and voice, 142; skeleton of 
the, 234 ; tarsal bones of Uie, 242, 24:^ 

RhlzOdcs (Gr. rhiza a root, and eidoa resem- 
blance), dentine of the, 272. 

RhynclAslurus (Gr. rhyneua a snout, and aaurua 
a lizard), Jaws of the, 276. 

Rocky Mountains of N. Aiuozlca, Indian tribes of 
tho, 352. I 

ftodunt mammalia (Lat. rodo to gnaw), teeth of 
the, 286. 

Rook, voice of the, 149. 

Rumhuints (Lat. rumino to chowstlie cudf, v^lfea 
» of, 141 ; skeleton of, 236 ; teeUi of, 296 


B 

Saab tribe of AfHca, 368. ' 

Sacral vertebra (Lat. aaeer sacred), 203. 

Saliapthi Indians of N. America, 357. 

BaHva tribe of In S. America, extmct,^M3. 

Salmon, the fry of, and ttio Par, identical, 29. * 

Salts of the blood, 59. 

San Bias Inmans of Central America, 359. 

Sanitary legislation {Lat^aanitaa healtl^ neoos* 
sity for, 156. • 

Sanskrit of IndU^ S^O ; language# derlv^ ^m, 
373. ^ 

Bap of vegetableafSO. • 

Sorcoieftma (Or. aarx flash, and lemma a coat), 
48. 

Sonnatian races, and their languages, 373. 

Saarlaiis1[Qr. aaura a lizard), slvleton of the, 
200, 201; armff with tusks. 276. 

Scl|)hotdes (Qr;. aHaphe a skilL and Hdoa resem- 
blance), 2tf; of the liind^bot In animals, 243, 
244 ; one iiba carpal tumos, 256. 

• 
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ScaptlUi (Latin tcapula tiia shoulder -blodct^ 
199. 

Scapular arch (Lat. see unte), 175; of the c!:ioco- 
dUe, 211. c 

*’ ScfiDUlarim (Lat. tcapulfl), tlie scapularj featheni 
of birds. 223. • ^ 

Scapalo^r&c<dd arch (Lat. scapula tho blade- 
bone, '^d Gr. koras and eidos crow-like). 210. 
211 . • • • < 
Scar! (Or. •^roi parrot-flshes). dentlCiO of Ihe. 

^/2; Jaws ah'tl food of iho. 27^. 

Schwann, wlilto substance of, ol . • 

Sciflenoids (Or. okia a shadow, and ^os rcHom - 
blance). ostoodentino of 2/3. { ' 

Science (L&L^ciea/ia the faioycledge of things). 

oil tho general prlnciploa of. 1 ; sy^ihs of know- 
^ ledge founded on. 2; value of t^e term, 3; 
•^^abstract, pooportion tho great instrument of. 

7. ' , 

Sclerotal bones (Or. ikleros hard), 179. 
Sclero-skeloton (ilr. skleros thml, and skeleton), 
163. 

Sclerotic capsule of the eye (Gr. skleros hard, and 
Lat. caj^isula a little cover). 194. 

ScombSroids (Or. skombros a marine fish, and 
eidos resemblance), teeth of the, 270. 

Sea-percb. skeleton of the, 174, 181; fin>f*a(mu1a of 
tho. 183. 

Seal, skeleton of the. 230; dentition of the, 
297. 

Secundftrias. the secondary quiU-ibathers of birds J 
223. 

Seeds, germination of, 85. 

S4|i)anj|( popnlaiion. 347. 

Seminole youth of the Creek doss, 355 
Semitic tribes of Africa. 366. 

Sensation, physiology of. 109; tho link between 
mind and mattor, ) 10. 

Senses, DaUacy of the, 27. 28. 

Senses W animals. 97 et seq . ; smell, 97; sight, 99 ; 
hearing, ,103; their taste, 105; their touch, 106; 
nerves of the. 170. 171. 

Serftia membraiiM (Lat. serum whey)* tho InW 
membranes of the body, 54. 

Slerpents (Lat. serpens creeping), distinction be- 
tween tbe venomous and the harmless, 20 ; re- 
•plra^n in. 70s locomotion of. 91. 92; verte- 
hras of» 91, 196, 19Z; ribs of, 92; their sense of 
104^ laiynx an^ V{doe of, 150; oste- 
of, 191 et seq,i skeleton of the cobra, 191; 
stmetore of tbe skull of. 192^ the python, ib.} 
poifonoas, akuU of, 195. * 

Sharks, their adaptation to aqnatlc lids, 185 ; teeth 
of, 271$ oeteodentine of. 273. , 

Sheavilsh, tedth of the, 270. 

Sheepf yolee of the, HI. ^ 

Sumi^.Mrofthe, 1^. % 

Stlhn, moantaln tilbee of the, 312, 3r3. 


I Sight, sense of. in various animals, 99 : organ of, 

I 170. 

I Silicon (Lat. siles flint). propCLUos of. 44. 
*Sloglng. produced by successive notes of the voioo, 
131;, compass Of the voice jn, 131, 132; causes 
of failure In, 134; of birds, 146 et seq. 

Sioux tribes of the Missouri, 3.^5. 

SirJbthos Indians of S. America ,361 
/t’ -t 

SKBLETOK (Gr. skeletos a dried body), on the 
fhlnciiP'tl forms of |;)ie. 161 et seq.; composition 
andkplaasiOcatlon of ihe bones constituting the, 
102.^<63; tho dermo- and neuro-skeletons'; 164, 
165; trrowth of bones, 166, 168; structure of 
bonesifn* dflTercnt classes, 16/ ; Its segmental 
composition, 168; vertebra of the, 169, 1/2; 
acdietype cd tbe, 1/0, 171 ; of the fish, 1/3 et 
seq.i general and special names of the bones of 
if the, ^ 179, 180; principal forms of tho. In the 
class Reptllla, 186; u frog, 187 et seq.; the 
serpent tribe, 191; the lizard, 198; tbe crocodile. 
2^1 et^oeq.i of Chelonian reptiles, 213; of birds, 
2 19 ; of the Cass Mammalia, 227; of the Cetacea, 
228; of the seal and walrus, 230, 231; of hoofed 
quadrupeds, 232; the horseK>5.; the rhinoceros, 
234; the giraffe, 236; of herbivorous quadru- 
peds, 237; the camel, 238; the hippopotamus. 
240 ; the hog tribe. 241 ; even-toed hoofed beasts, 
ib.; nature of limbs. 242; of the protopterus. 
t5.; limbs of the umphluma. the prntcus. the 
horse, the ox, tbmrtitnoccros, the hippopotamus, 
the elephant, 243 ; of tUb feet, 244 ; of Uie sloth, 
245 ; of the ant-eater, 247; of the mole, 248 ; 
t of the Imt, 249 ; of the carnivorous mammalia, 
250; of thbllon, 251; of the kangaroo. 253; of 
the quadrumons. 254 ; of the ape tribe, and of 
’ man, 255 ; terms In osteology, 260 ; facial angle, 
261 ; progressive expansion of the cranium, ib.; 
Australian and European skulls, 262; retrospect 
of the various forms of the, 262, 263. ^ 

SUpetor population of Albania, 372 . 

Skoffl, country Clothe, 352. 

Skull, the l^r upper or anterior segments of the 
osseous 170 ; various segments of, In 

fishes, 175 et structup of. In serpents, 
192; of the python. 193; o^Jilie boa-cohstrlctor, 
194; of polsonona serpents, 195; of the lizard, 
lfl9$ of the croo^Ile, 204 et seq.; of the sloth, 
247; fliodlflcatloiis In the skull of man, 25t« its 
importance In Judghg of different races. .307. 

S of different animals, 261; of an Australian 
a European, 262. ^ 

k. song oftb^ 147. ,, * 

Slottr. skeleton of the. 245 ; qgtlnet races of the. 
ib. ; 1^ liablts and aptitudes, 245, 246 ; limbs 
and skull of the. 247; dentition of the, 278. 
Smell, sente of, In various animals. 97, 98$ organ 
of. 170. 

Soakea. poisonous, te^h of the. 277* 
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Sodiam (Ger. soda glasBWort), Blements and pro- 
perties of, 44. ^ 

Soil, on the continiAl renewal of, 155. 

Somaoll tribes of Africa, 36^^ 

Sound, sources of, 1J^5; not merely a vibration of 
air, 116 { velocity of, ib.i a musical one d&tlnct 
from a noise, 1 17’, 118. 

Sounds, re^esentation of,^y symbols, 135; 

version of voice lego, 1 36 ; of consonai^L 1 3/* 
SpoToids (Gr. spares a sea-flsh,and erdo^rcsem- 
blance), deutin^of the, 2/2. 

Speech, one of the principal foandatI<y^8 of 
process, 115; organs of, 119, 137; the 
tiality of man's iutelUgeuce:«il34; hlsiorij 
gresBof, 135. % 

Species, on the Indeftnite continuance of, 

Sphyrsiia (Gr. the haminer-flshl.^eeth of tiie, 
271 ; deniiiie of the, 272 ( formidable deutiuoii 
of the, 2/3* ^ 

Spider-monkey, dentmha|^he, 300. # ^ 

Spiders ,gsizculation of tli^ood in, 66; locomotion* 
of, 89. ^ ^ 

Splanchno-skelcton (Or. splanchne^the bowels), 
163 ; Its variou«part8—tlie petrosal, tho st^crotol, 
the turbinal, the branchial, and the dental, 180. 
Splint-bone, one of the carpal bones, 244. 

SpOriie (Lai. spurius illegitimate), the bastard 
feathers of birds, 223. 

Stammering, causes of, 138; remedy, 139. 

Starcli, its general prevalence aud use, 47. 


1 

% 

of nmi 
he^^bte 
)rMl pi 


Statistics, an Important branc^f knowledge, 18; 
fallacies of the ago connecte^\rllh, 25. 

Sting-isiy. jaws and teeth of the, 270. 

Stomach (Gr. s'omac/tos the bclly)j%]|ge8tive 
apparatus of the, <36 ; changes etfuited by the 
gastric juices In the, 71. 

Strong-bow Indians of America. 351 . * 

Siurgeorf, skeleton of the, 163, 164 ; its habits, fd. 

iSuborbUal bones (Lat. sub and orbita under the 
orbit), 179. 

%n1pliuft9ements and properties of, 43. 

Supcrorbital bones (Lat. super a^ orbita above 
tho orbit) of tlshes, 212. 

Supertempdral bones (Lat. super a4k tempora 
above tho temples), 179. 

Buprascapulalr of Hie crocodile fLvX^supra above, 
and scapula the ftiouldcr-bladc), 210. 

Supreme Intelligence, on the belief In a, 29. • 

Surinam sprat, singularity of its eye-ball, ^01. 

Susst Indians of America, 3M. 

Swan, skeleton of the, 220, 221; calcaneal promi- 
nence of the, 225. 

Sword-flshgs.V^axillarles oMhe, 181. 

Symbols, sounds r^esented l^, 135. ^ 

Symbols of teeth. 304. • 

Symphysis (Or. sun and phpsis growing t^S^ther), 

217. • 

SyhOvial membrane and Joint (Gr. sun with, and 
oon an egg), 54, 218, 


Tadpole, metamorphoses of the, 168, 169. 

Takufli Inmans of America, 351; chief of the, 353 , 
Tamerlane, a Turii^ 317* *' 

Tamul language of India, !^0. ■) ’ 

Ta^pal bone#(Or. barsos the palm of the hand or 
foot), of different mammalia, 243, 244. 
Tarso-metatarse (Gr. tarsos the palm oftbl hand, 

' ai|i meta over), 224 ; modlOcatldns of th8, 225. 
raiilrs, conquests of the, 317; thei^)flmadic ha- 
bits, 317, (see ^ftiiooLiANs). * 

Tftimanians of Van Dleman's Lund, 344, 345. 
^oMt^Benae^ In various animals, 185; thwlmme- 
dlotetnstnimonts of, 106 ; organ of, I 70 . 
Tectlbranchi&ta (J^t.t$etus c#7cred« and bran- 
cAtfn.gill^, Uspiratlon In the, 77. 

Tectrfees (J.a4. tectum a coveiiug), tlio wing co.^ 
verts of birds, 223, ^ ^ ^ 

'^£TU, on tho principal forms and structures of 
the, 264 et seq.; Ultimately relied to the food 
and habits of tho animal, ib . ; gascular canals 
of tho, 265 ; dental tissues and pulp-cavltles, 
265; chemical and strucliiral vomp<Mition of, 
266 ; cement and enamel of the, tb. rcomplex 
and compound tecth,267; dental system of Ashes, 
269 etm ^. ; shedding and renewal of, in Ashes, 
274 ; of reptiles, 274 et seq, ; of crocodiles 
and poisonous snakes, 277 ; of mammalia, 278 ; 
form, flxation, and structur^of, in the mamma- 
•lia, 279 et seq. ; of the carnivora, 281 ; of tho 
morse and tho porcupine, 282 ; of the horse, 284 ; 
of the elephant, 2S5-293 ; their succession, de- 
velopment, &c., 289, 299 ; of thevmcgatJIariurm 
# 294 ; of the anoplothcrlum, 296 ; of tho ru1t)T- 
nants, tb. ; of the seal tribe, 297 : of the quad- 
* rumana, 298 ; of the ouraiig and clilinpanzeo, 
299 ; of monkeys and lemurs, 300 ; homologies 
of, 301 , 303; of the hog, 302 ; notatloif and eyiu- 
bols of, 304, •* 

Teleology (Gr. fetos and lof^os a discouiso on 
Anal causes), true grounds of, 32, 

Toftorium (Iiat. a tei^, 163. 

Texas, Indian tribgy mthc, 356. -* 

Textures in thlMmlmal kingdom— the muscular, 
nervous, and Alanicntous, 47. 

Thales Arat measures the great p^-ramld of Egypt, 8. 
Thoracic duct (Or. thoras ti^ breast), 37*f course 
and termliiatloi^f ^e, ib. * # « 

Thongl)t, a vague term, 1 13 ; controlled by edaoa- 
Uon, Jit. • • 

Thrush, Song of the, 148. 

Tibet, mountain tribes of, 312. 

Tibia (Lat. tho shin-bone), of Die crocodile, 212; 
of the sfoth, 246. 

Tiger, larynx ant^folce of the, 142. 

To(H 1, Dr., hl^opitton onthealin'enta^ftmetlons, 

69 ^ 

) Toes, ofbirdH22A. 

,f 
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Tonicity (Or. ionot tone), ft property of the ma- 
cular fibre, 49. 

Tooth, hunuLD, magnlflcfi section of ttad( 2G5c 
Tooth-pulp, the primary I^^s ojthe tooth, ib. 
Tortoise, os&ology of tho, 213 ef ; skeleton 
% the, 213 ; carapaeft and pj^stroi^of tbo, 214 ; 
vertebras of the, 216 ; SkoU of the, 217 ; limb4of 
the, 218, 

Touchy sense of. In various animals. 106. ^ « 
Trachea, (Or. fracAus rough), the wipi^-pipey 22. 
IrikChe&roidF-'^rachtiTdeans (<ilr. trachea the 
windpipe, and arachne spidgr), respiral^on 

*“77*, . ^ r ' 

Trapezium (Or. trapeeion | four-srood g^.ictri- 
rical figure), on^of the carpal bones, 258. 
Trapozoides ^Gr. trapezt^n im anfeG and eidoe 
resemblance), one of the carpal iSoncs, 258. 
^'ri^nglo, rigtifj'anglod (Lat. tria angula three 
angles) Cpropertics of thee 3. 

Triangles, equivalenfe of, 5. * 

Trigonometry ^r. tria thrie, gonia on angle, 
and metron a measare), rules of applied to 
the measurement of heights, 9. 

TrochonUu (Gr. frocAao to turn), of the crocodile; 

212. r 

TrocblSa, tiblal (Or. trochee a wheel), 224. 
Troglodytes (Gr. trogle a cavern, ai^ gfuno to 
dwell in), facial angle of the genus, i!o3t 265. 
Truths, which ore self ovideut, 32. 

Tslhaill tribe of N. / mericn, 357. 

Tsikaiinl Indians or America, 351 . ^ 

Tsuktshl, a tribe of the Asiatio Peninsular stock, 
325. 

^larll^ tribe the, in Africa, 367. 

AfigOslans territorial boundaries of the, 319 ; no^ 
tional characteristics of the, tb. ; subjects of 
Bussla and of China, 320 ; historical notices, tb,;., 
difierent tribes of Mantshu, Daourioiis, Tsliapo- 
jirs, and T^muts. t5.; the I'urks, the Ugrians, 
the 45ogul8, and the Majiors, 321-324. 

Tunica vaginalis (Lat. tuntca a tunic, and vagina 
a Bhcatlf), the serous membrane of the testicle, 
5d. « 

Cupi Indians olf^S. Amcrlc4,v%0; tlielr language, 
361. .X 

Turdnlans, physiognomy, language, and primoiy 
divisions of the, 316; the Mongolians, the Tim* 
gusiSijs, the Turks, tBe Ugriaiis, and the Penin- 
sular 8tock,»316 et eeq. 

Tu\bln%l bones, or Turblnils^at. turbo atop), 
179; of the skull, 194. • c 
Turks, race of the, 321 ; thdr history and geogra- 
phical dlitributloii, ib,} tlieir Mongolian physi- 
ognomy, 322, 

Turtle, ostcglogy of the, 213 ; caraphpo of (ho, 
214 ; plastron of the, 15. «r 
Tusks of the dephant and theman^oth, 286^287* 
Tlympgaio^'boiie (Ob'. tympanonoA drum), \79, 
ISI ( Of the hoa-constrlctor, 195, • 


Ugrians. race of the, 322$ tliflr geographical dis- 
tribution, ib, ; different ra($i of— the Magians 
of Hungary, the Yo^uls, &c., 322 324 ; charac- 
teri|lticB of tbdl 324. « 

Ulna of the cod-fish (Lat. ulna the elbow), 175, 
176. 

U|p£rormo (Lat. ttncr< 4 ^ahook, ond/a/raa shape), 
one carpal bones, 258# 

U^iculator (Lat. unguie a c^w), limbs of the, 

K7. e , 

Ungninal phalanges (Lat. unguis a daw, and 
Gri^f a row of soldiers), 211. ‘ 

Ungulljfa (Lat. a Jiuofj, liiitbs of tlie, 227. 

Urea (hn^. urtnu uiiuc^i elements aud properties 
of, 46, 79. 

Urj^ acid, elosaents and properties of, 46, 79. 

Urinary secretion, 79. 

Lf Urine (Lat. urina), q^nstt^’Eriis and properties 
f, oJ;59, 80. 

Urbbyal (Gr. ouron uri>%), 181. * 


Van D^cman’s Land, the Tasmanians of, 344, 345. 

Vuranus, osteology of tlie, lT>9, 2U0; deiituiou of 
the, 275. 

Varieties of mankind (sec Mankind). 

Yaacular canals of teeth, 265. 

Yosodentino (Lat. vusum a vessel, and dens a 
tootli), 265; in ^rlous genera of fishes, 273. 

Vegetable kiugdouT, on reproduction in the, 84 , 
gcrniinalion In tlie, 85; chcmlcule cha..gcs in 
the, 8}^ 

Yegetablo Ijyps, on the physiology of, 33 et acq, 

Yegctables, sap of, 8U ; food of, 81 . 

Yegetdlive flinctions, 36 ; digestion, secretion, aud 
excretion, 38 ; table of. 39. 

Venous Uood, renovation of the, 70. 

Ventriloquism (Lat. venter tlie belly, and loquor 
to speak), faculty of, 138. •**' * 

Veragua, Iiulli||^ tribes of tlie, 358; their chorac- 
terlstl&s, 359. 

Vertebra |i>at. verto to turn, or vertebra a 
turning Joint), a general lerin tbr the vertebral 
segments of tb^keletou, 260; the parietal and 
thoracic, 169; autogenous find exogenous parts 
•f the, 168, 169; fionta! segment, 177: parietal, 
ib, , 

VertebriB oftlio non^^skeleton, 168; various mo- 
difications of the, 169 ; development of the, 172 ; 

1 the caudal, modifications of the, 182; of the 

T^hldian reptile#, 196, 197; of tfie dizard, 199; 
or the croc^ile, 201 et ae^,\ various types of, 

202, 203«; lumbar and sacral, ot the crocodilla, 

203, f:audal, 204; of the tortoise, 216; of the 
swan, 221; formula of the, i£ herbivorous quad- 
rupeds, 238; of the bat, 260; of the Uon, 251, 
252; of the kai^aroo, 254. 
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on ofthe, 250. ^ • 

ii (^at. vUlui a hair), the proceai^s soiled. 

Ilform toeih, 270. ^ ^ 1 

al fanotioQs. three so Allcdi, 38. f 


Vortebr&ta (Lat vertebra a tanlns joint), the 
highest division o%the animal kingdom, 161; the 
fbur classes of, lA; composition of their bones. 
ib. • 

Tertebrated anlmalsathelr sucoeftive transgiuta- 
tions, 263. 

Vesicles, fat. assuming the polyhedral form, M. 
Veslcaiar ftervous matter (jLit. veetca the 
der), 60, 61. • % 

VespertllYo murrnjis (Lat. the common bat), 8k|Jo> 
ton of the. 250. ^ 

Vllll 
69. 

YlUlfonn 
Vital fanotioQs, 

Yognls, a tribe of the TTgrlan stock, 323. 

Voice, physiology of the, 116 ; shari^r in the qpcn 
air, 117; organs of the. In man, 119 ; dissertation 
on the. 125 e^^^^d^reiit theories on the.^j 
126; compared wUhvLpipe of an orgaAj27jy 
received theory o6th^j6.i objections to the 
trae theory of the, 129 ; the organs of.^ombtoe 
the properties of various Inatrumcflts, 131 ; com- 
pass of the, ibT\ dlffcrencer between the male and 
female, 132; nasal intonation of the. 133; its 
strength depends on the vocal cords. 134 ; causes 
W of failure in the perfectness of the notes of the, 
ib,; converted into vocal sounds, 136; compara- 
tive physiology of, 1.39; of mammals, 140; of 
various animals, 141 et eeq.^T ruminants and 
paebydermata, 141 ; of blnl^P43 eC eeq, 

Yomoi (Let. a ploughshflie), nS, 194. 

Vowel%>un*&8, conversion of voice into, 1.36. 


WalraB, sk^ton of the, 230. 

War, Va™ ofi among the Mongolians, 319. 
Warsew Indians ot^he Qsenoco, 363; ^elr cliarao* 
teristlcs, 364. ^ 

Water-rats of Australia, dratltion of the, 278. 
Whale, tall of the, 93; its eye. 103; Its skeleton. 

228 ; its teeth, 278. • * 

‘ Wlilttling, causes of, 134. • • 

Wiznpipe, tnatomlcal structure oftJmJyiO et eeq.; 
of the niminanti md pachydeimSta, Ul'.^ht 
•Irds, 143 efeeq. 

^in^f the^ck tribe, 223. • • 

WocS#trlbe5 of CarOltna, 3.56. 

Wolf-flsh, teeth o||)ie, ^1 . 27ai « 

Woodlark, loncof the. 147. 

Woodpecker .•'mce of the, 150. ^ 

Wrasse, teeth of the, 2/0. 0 ^ 

'^ryneck, voice of the.*l50. • 

• ^ 

Xiphisternum (6r. xiphoe a swoft, and aternon 
the breast-bone), 216. . * 


TcUow-knlfe lAd&anaof America, 351. 


' .. 


Zingiz-iuian, a Mongolian, 317* 

Zdology (aroor and legoa a discourse on animals), 
utility of the knowledge of,‘|^9, 20. 
iygRntium, 197. 

Zygapophj’sis (Or. zugoa Junction, and apophyaia 
springing ftom), 169. 


ERRATA, 


Owing to the compositor having Inadvertently altered the paging of the Work, from pp. 852 to 876, afte^^he Oral 
$ pdOLlVii of thla Index was in type, the references to the subjects therein ooeiirring will be found <ln the first four 
loaves of the liiuex) to be two pages backward. Thua the reference to ** Afay ssinla’ ' should be 862 luptead of 367 : 
and so on. ^ 
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